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(so) Semiconductor light valve device and process for fabricating the same. 

(5?) The invention provides a semi-conductor light valve device and a process for fabricating the same. 
Tne device comprises an insulating substrate (7) having a semi-conductor single crystal thin film (1) 
over at least a portion thereof and providing a pixel array region and a peripheral -circuit region. The 
p«xe array region includes a plurality of switch elements (2) for selectively energising a plurality of pixel 
eectrodes (3) and the peripheral circuit region indudes drive circuits (15, 16) for operating the switch 
elements. At least circuit elements of the drive circuits are formed from the semi-conductor single 
crystal thin film. 3 

In the fabricating process, the semi-conductor single crystal thin film and the insulating substrate are 
formed as a composite substrate by adhering a semiconductor single crystal plate to the surface of the 
■nsulabng substrate and by polishing the single crystal plate. The circuit elements of the drive circuits 
are then formed by treating the single crystal plate. 
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The oresent invention relates to a 5emi-concuc:or 
iignt valve device and to a process tor fabricating tne 
same. Sucn a device is suitable tor use in a direct 
viewing cype of display system or a projection tyoe of 
display system. 

Mere particularly, the invention relates to a semi- 
conductor iignt valve device, in which an instating 
substrate has a sami-conductcr thin film coating a: 
least a pcrticn thereof and wnich is formed with a 
group of pixel eiectrodes. a group of switch elements 
and a group of drive circuit elements. The device msy 
be oackaged integrally with a liquid cr/stal panel. ;cr 
example, to provide 3 so-called "active matrix device". 

The active matrix device is based on a simple 
orincicte, in which pixels are individually equiocec 
with switch elements, in order to select specific pixeis. 
the corresponding switch elements are turned on. If a 
pixsi is not select 3d, the switch elements are left non- 
conducting. T ;- .e individual switch elements are driven 
by peripheral circuit elements constituting a driver cir- 
cuit. These switch elements and the peripheral circuit 
elements are rcrmed over a glass substrate, which 
constitutes pan of a liauid crystal panel. 

Therefore, the technology for rendering the 
switch elements and the peripheral circuit elements 
thin :s important. Thin fiim transistors are usuailv 
employed for this purpose. 

In the active matrix device of the prior art the thin 
film transistors are formed in the surface of an 
amorphous silicon thin film or a polycrysial silicon thin 
fiim. which is deposited on the glass substrate. Such 
amorphous silicon thin fiim and polycrystal silicon thin 
fiim are suitable for fabricating an active matrix device 
having a relatively large frame, because they can 
easily be deposited over the glass substrate using a 
vacuum evaporation process or a chemical vapour 
deposition process. Thus, the active matrix device is 
suited for use in the direct viewing type of display. 

In recent years,. jiovyevsr.. there has arisen a 
higher demand, not for the direct viewing type of dis- 
play, but for a high-speed miniature display having 
miniature pixels with a high density, A miniature light 
valve device is used as a plane element for forming a 
primary image in a projection type of image device, for 
example a projection type-vision TV. For this appli- 
cation, it is desirable to provide a semi-conductor inte- 
grated substrate device for the high speed miniature 
light valve, which has a pixel size of the order of 1.0 
urn and an overall size of several centimetres, by 
means of miniature semi-conductor fabricating 
technology. 

However, if the existing amorphous thin film' is 
used in this case, the ON current density is too low to 
operate at a high speed because the material is not 
made of a single crystal. Moreover, the transistor ele- 
ments of sub-micron order cannot be formed by aopty* 
ing the miniature semi-conductor technology. In the 
case of the amorphous silicon thin film, for example. 



the film forming temperature is about 300°C so that a 
high :emperature treatment necessary for miniaturis- 
ation cannot oe executed. In the case of a colycrystal 
silicon thin fiim, on the other hand, the crystal panicles 

5 have a size cf several micrometres, which raises the 
oroblem that the miniaturisation of the transistor ele- 
ments is necessarily restricted. 

Thus, in the semi-conductor integrated circuit 
substrate device for the existing active matrix display 

:o using an amorphous material, as has been described 
■ hereinoef'cre. there arises a problem that it is ext- 
remely difficult to realise an integration density, a high 
speed operation and a chip size smaller to these of 
orcinary semi-conductor integrated circuit elements. 

!5 runner, in order to reduce the size of the semi- 

concuctor integrated circuit substrate device, .it is 
especially necessary to integrate the peripheral circuit 
elements in 3 remarkably high density in addition to 
the switch elements. It is, however, difficult to form the 

20, penoneral circuit elements with a more miniature" 
technology in a super-high density in the polycrystal 
silicon thin film or the amorphous silicon thin film. As 
a result, it has been impossible to realise a semi-con- 
ductor integrated circuit substrate device for the 

?5 active matrix device, which has a size substantially 
equal to that of an ordinary LSI chip. 

On the other hand, a siiicon single crystal thin film 
has a different coefficient of thermal expansion from 
the transparent electrically insulated substrate, which 

30 would lead to troubles such as separation or cracking 
in the course of an LSI fabrication process, wnich 
requires a temperature as high as 800°C. Incidentally, 
a silicon single crystal film has a coefficient of thermal 
expansion of 3.5 x 1Q-*/°C, and a transparent insulat- 

35 ing substrate, if made of quartz, has a coefficient of 
thermal expansion of 0.4 x 10-*/°C. 

In view of the aforementioned problems of the 
prior an, the first object of the present invention is to 
provide a semi-conductor substrate device and a pro- 

■*o cess for fabricating the same, in which a peripheral 
circuit element group having a higher speed and a 
higher density integration is formed on the substrate 
together with switch elements and pixels. 

A second object of the present invention at least 

•*5 in its preferred form is to provide a semi-conductor 
single crystal composite substrate, having a high 
quality and a high production efficiency, by interpos- 
ing an intermediate layer between a single silicon 
crystal thin film and insulating substrate to minimise 

so the separation and cracking of the two due to thermal 
shock. 

In the case that the switch elements of the pixel 
array unit in the prior art are miniaturised, their break- 
down voltage also raises a problem. Specifically, the 
55 individual pixels and the light valve device of the 
active matrix device are supplied with drive signals at 
a relatively high voltage. Therefore, the switch ele- 
ments for supplying the electric power to the individual 
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oixels selective* also have to withstand such high 
voltage anve signals. 

Therefore, the third object of the present inven- 
tion at least :n its preferred form its to provide a licht 
valve substrate semi-conductor device, in which 5 
switch element .VIOSFETs having a specially high 
breakdown voltage are finely integrated with a high 
aensity. 

Further, pixel electrode material used in the prior 
an is exemplified by a transparent conductive thin film :o 
such as an I i 0 or a NE3A fiim. This transoarent con- 
ductive :hin fiim can be deposited relatively easily by 
a vacuum vapour deposition process or a sputtering 
process but is defective in that it has a low heat resi- 
stance and s poor patterning precision due to the :s 
etching process. 

Thus, this material has a poor suitability for the 
LSI fa erica tion technology requiring the high tempera- 
ture treatment and there is the problem that the semi- 
conductor process cannot be consistently used. 20 
Another problem is that the material is not suited for 
rendering :he pixels miniature anc giving them a high 
density oecause of the poor patterning precision. If, 
moreover, the roughness of the surface substrate 
becomes relatively pronounced and as the switch efe- 25 
ments are integrated in a high density, the transparent 
conductive thin fiim to be formed thereover tends to 
have stepwise cuts therein, raising the problem that 
the defective percentage of the pixels grows high. 

Therefore, a fourth object of the present invention 30 
invention at least in its preferred form is to provide a 
light valve substrate semi-conductor device having a 
miniature pixel electrode structure, in which the LSI 
fabrication technology or the semi-conductor process 
can be consistently applied up to the final step. 35 

in the active matrix device of the prior art, 
moreover, a ore-determined charge is supplied during 
a selection period to the pixel electrodes through the 
switch elements, and 4he charge supplied during a 
non-selection period is retained in the pixel electrodes 40 
to execute the light valve functions for each pixel. If, 
at this time, the switch elements are formed in a se- 
mi-condcutor single 'crystal thin film in accordance 
with a preferred feature of the present invention, the 
optical dark current is larger than that of thin film tran- 45 
SiStors formed in amorphous silicon thin Him or polyc- 
rystal silicon thin film. If no counter measure is taken, 
the stored charge may be allowed to leak due to the 
high optical dark current during the non-selection 
period occupying a major part of one frame, thus rais- 50 
ing a problem that the voltage to be applied to the 
pixels will drop. 

Therefore, a fifth object of the present invention at 
least in its preferred form is to provide a light valve 
substrate single crystal thin film semi-conductor 55 
device, in which a drop in the voltage to be applied to 
the pixels is effectively prevented even in the case 
that the silicon single crystal thin film transistor ele- 



• mencs having a relatively high ootical dark cun-Pnr 
used. ^rentare 

Generally speaking, a light vaive device semicon 
ductor substrate has an optically transparent portion 
which is formed with a group of switch elements for 
selectively energising a group of pixel electrodes, and 

• an optically opaque ponion, which is formed with a 
peripheral circuit containing a group of circuit «| e - 
ments for driving the switch elements. In each portion 
a group of switch elements and a group of circuit ele- 
ments are individually separated electrically by*an 
element separation area. Incidentally, the optically 
transoarent portion is required to have a sufficient 
optical transparency even in the element separation 
area, so as to enhance the optical transparency, but 
is allowed to have a margin for its sizing precision. In 
the opaque portion, on the contrary, the group of cir- 
cuit elements, such as the transistors constituting the 
peripheral circuit, are integratea with a high density 30 
that the element separation area is required to have 
3 fine and highly precise size and shape but need not 
pass any incident light. Thus, the opaque portion is 
preferred to be optically opaque. 

In view of this point, a sixth object of the present 
invention at least in its preferred form is to improve the 
performance of the whole light valve semi-conductcr 
integrated circuit device by forming an element sepa- 
ration area which has different sizing and shaping pre- 
cision and "different optical characteristics for the 
optically transparent portion and the optically opaque 
portion. J 

In the existing semi-conductor device using an 
SCI (i.e. Silicon Oxide Insulator) substrate, diodes 
used in the protection circuit for input/output terminals 
are PN junction diodes. In this case, the diodes have 
a small junction area because they are formed in a 
thin film, and their impurity region has a thickness as 
deep as the thin film. This makes it difficult to raise the 
dielectric breakdown voltage. 

In view of the aforementioned problem with the 
prior art, a seventh object of the present invention at 
least in its preferred form is to provide a semiconduc- 
tor device using the SOI substrate with a protection 
circuit having a high dielectric breakdown voltage. 

In the prior art, various types of semi-conductor 
laminated substrates are known, in which a semi-con- 
ductor layer is formed over a carrier layer, as in the 
case of the so-called "SOI substrate". This SOI sub- 
strate is prepared by depositing a polycrystal silicon 
thin film on a carrier surface made of an insulating ma- 
terial, for example by using a chemical vapour deposi- 
tion process and then by re-crystallising the 
polycrystal film into a re -crystallised structure by 
irradiation with a laser beam. Generally speaking, 
however, the single crystal prepared by re-crystallis- 
ing the polycrystal silicon does not always have a. 
uniform azimuth but has a high lattice defect density. 
For these reasons, it is difficult to apply miniature 
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technology, like tie silicon single crystal wafer. :o the 
501 substrate fabricated by the process according to 
the crier art and it is difficult to package photo voltaic 
energy elements cf high performance. 

In view of this point, an eighth object of the pre- s 
sent invention at ieast in its preferred form is -o pro- 
vide a light valve device, in which photo voitaic energy 
elements cf fine and high resolution are packaged 
using 3 semi-conductor thin fiim having a crystal 
azimutn as uniform as chat cf the silicon single crystal -q 
wiceiy employed in ;he semi-conductor process and 
having a lattice defect with as low a density as the 
same. 

The eiectro-cctical modulation substance gener- 
ally use a in iignt valve devices cf the prior an is a liquid :s 
zr/s:a\ material. This liquid crystal material is confined 
between a pair of substrates opposed with a pre- 
determined gap relative to each other and has its 
molecules arrayed in a pre-oetermined direction. In 
crcer :o realise mis state of the liquid crystal 20 
molecules. *he inner surfaces of the substrates are 
subjected to so-called "alignment", which is generally 
acccmciished by rubbing the substrate surfaces with 
cotton cioch. 

However, the foregoing general objects of the 25 
present invention are affected by the following prob- 
lem. In -he case of element integrations of high den- 
sity, the roughness of the surface of the 
semi-conductor thin nim substrate is significant in 
relation to the pixel size, so that the alignment cannot 30 
be executed by the ruobing treatment cf the prior art. 
in other words, the rubbing treatment makes a uniform 
roughness of the substrate surface of the substrate 
difficult to obtain, which degrades the quality of the 
displayed image. Another problem is that the switch 35 
elements miniaturised to a sub-micron order may be 
broken by the rubbing treatment. Moreover, specs or 
dust generated by the rubbing treatment may be 
larger than the pixeisiz'el" causing a problem that the 
optical transparency of the-pixels is reduced. jo 

In view of the aforementioned problems caused 
by the rubbing treatment of the prior art. a ninth object 
of the present invention at least in its preferred form 
is to provide an active matrix type liquid crystal light 
valve device which has a liquid crystal alignment 45 
structure which does not impair either the miniatur- 
ised switch elements or the pixel electrodes. 

According to a first aspect of the present inven- 
tion, there is provided a semi-conductor light valve 
device comprising an insulating substrate having a so 
semi-conductor thin Him over at least a portion 
thereof, and a pixel array region and a peripheral cir- 
cuit region, the pixel array region including a plurality 
of switch elements for selectively energising a 
plurality of pixel electrodes, and the peripheral circuit 55 
region including drive means for operating the switch 
elements for selectively energising the pixel elec- 
trodes, characterised in that the semi-conductor thin 



film comprises a semi-conductor single crystal min 
film. anG in that at ieast circuit elements of ;ne 
oeripheral circuit region are formed in the semi-con- 
ductor single crystal chin film. 

According to the present invention, there is pro- 
vided a light valve device, which comprises an elec- 
trically insulating substrate, and a semi-conductor ■ 
single crytal thin film arranged in at least a portion of 
the surface cf the substrate fcr defining a peripheral 
circuit region. Adjacent to the peripheral circuit region, 
there is formed a pixei array region having a grouo of 
pixel electrodes and a grouo cf switch elements re- 
spectively energising :he pixel electrodes. 

According to one embodiment of ;he present 
invention, :he circuit elements are integrated using 
super-LSI fabrication technology , for example, in the 
semi-conductor single crystal thin film for defining the 
peripheral circuit region. These circuit elements may 
have various runctiens. such as for driving the group 
cf switch elements. 

In order to fabricate the light valve device having 
such a structure the semi-conductor single crystal thin 
fiim is formed all over the surface of the insuiating sub- 
strate by adhering, a semi-conductor single crystal 
plate such as a silicon single crystal wafer cf high 
quality, usuaily used for forming a super-LSI. to the 
surface of a substrate formed over at least a portion 
thereof with an eiectric insulating film. Then, the wafer 
is polished mechanically or chemically. Next the se- 
mi-conductor single crystal thin film is selectively 
treated to form a peripheral circuit' region formed of 
the semi-conductor single crystal thin film and a pixei 
array region adjacent to the former. 

According to a further aspect of the present inven- 
tion therefore, there is provided a process for fabricat- 
ing a semi-conductor light valve device comprising 
forming an insulating substrate having a semi-con- 
ductor thin film over at least a portion thereof, forming 
in a pixel array region of the substrate a plurality of 
pixel electrodes and a plurality of switch elements for 
selectively energising the pixel electrodes, forming in 
a peripheral circuit region of the substrate drive 
means for operating the switch elements for selec- 
tively energising the pixel electrodes, and connecting 
the elements of the peripheral circuit region and the 
pixel array region electrically, characterised in that the 
semi-conductor thin film and the insulating substrate 
are formed as a composite substrate by adhering a 
semi-conductor single crystal plate to the surface cf 
the insulating substrate and by polishing the single 
crystal plate, and in that circuit elements of the 
peripheral circuit region are formed by treating the 
single crystal plate. 

According to one embodiment of the present 
invention, for example, the peripheral circuit region is 
formed of the portion which is left after the semi-con- 
ductor single crystal thin film has been partially 
removed, and the pixel array region is fonmed by coat- 
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ing the substrate surface portion, from which :he se- 
mi-conductcr single crystal thin Him hss been 
removed, with a thin fiim of a oolycrystal semi-conduc- 
tor or an amorpnous semi-conductor. Subsequently, 
the pixel array region is formed with a grouo of the 5 
pixel electrodes and a group of the switch elements 
for selectively energising the individual pixel . elec- 
trodes. Simultaneously or before and after :he step of 
forming the switch elements, moreover, the oeriohersi 
circuit region is integrated in high density with a grouo ;o 
of circuit elements by the super-LSI technology or the 
LSI technology to form peripheral circuits. The 
peripheral circuits inciude driver circuits for driving the 
switch elements, for example. 

According to one embodiment of :he present is 
invention, moreover, the semi-conductor substrate is 
divided into the peripheral circuit region and the pixel 
array region, acieast the former of which is coated with 
the semi-conductor single crystal thin film. The 
peripheral circuit elements are integrated in super- 20 
high density in that semi-conductor single crystal thin 
film. As a result, the semi-conductor integrated circuit 
substrate device according to the present invention 
can be realised with a remarkably small chip size in 
its entirety. These circuit elements include com- 25 
piimentary insulated gate field effect transistors for- 
med in the silicon single thin film, for examole. Such 
CMOS transistors can be operated at a low power 
consumption and at a high speed. The CMOS transis- 
tors can be formed in high density from the silicon 30 
single crystal thin film, whereas it is difficult to form 
CMOS transistors which have sufficient performance 
(especially in respect of speed) and small size from 
silicon polycrystal thin film or silicon amorphous thin 
film. 35 

The circuit elements formed in the peripheral cir- 
cuit region may constitute peripheral circuits having 
various functions. For example. X-drrver circuits and 
Y-driver circuits for. driving foe switch elements for- 
med in the pixel array regioamay be provided. Further to 
possibilities are control circuits for controlling the 
driver circuits in accordance with video signals or 
pixel signals and so on input from the outside. Alter- 
natively, a ORAM sense amplifier may be included for 
detecting as storage data the oharges which are tern- 45 
porarily stored in the individual pixel electrodes for- 
med in the pixel array region. Further peripheral circuit 
elements include a temperature sensor for detecting 
the ambient temperature, a photo-sensor for detect- 
ing the intensity of incident light, or a source cell for so 
supplying electric power. These additional cir- 
cuits-can be remarkably easily fabricated in the sili- 
con single crystal thin film using ordinary 
semi-conductor fabrication technology. 

Incidentally, the pixel array region adjacent to the ss 
peripheral circuit region may be made of the semicon- 
ductor single crystal thin film or it may be exclusively 
made of semi-conductor polycrystal thin film or semi- 
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conductor amorpnous thin film. In the case that polyc- 
rystal thin film is employed, the film may be made of 
polycr/stai silicon non-dooed or dopea with an 
impurity, or polycrystai silicon silicified with a refrac- 
tory metal. 

Polycrystal and amorphous thin films are not 
suited for the high density integration of the circuit ele- 
ments in comparison with the semi-concuctor sinofe 
cn/stal thin film but are less sensitive to incident light. 
Thus, it is possible to form switch elements cf such 
thin film, which are not adversely affected by the inci- 
dent light. The integrated density of the switch ele- 
ments is lower than that of the peripheral circuit 
eiements. The switch elements may be insulated cate 
field effect thin film transistors or they may be thin r'iim 
diodes have a smaller size. 

In one embodiment of the invention, a field oxide 
film is formed by the thermally oxidising the semi-con- 
cucrcr single crystal thin fiim between the pixel elec- 
trodes and the insulating substrate, and connecting 
the pixel electrodes with the switch elements through 
a sloping portion of the field oxide fiim to prevent any 
disconnection which be caused by a step in the field 
cxide fiim. 

In another embodiment of the invention, the pixel 
array region includes a group of pixel electrodes, a 
group of switch elements and a group of capacitance 
elements made of a dielectric film, each of the capaci- 
tance elements having one electrode electrically con- 
nected with a corresponding pixel electrode, for 
storing charges fed selectively from the associated 
switch element. 

A further embodiment of the invention features a 
peripheral circuit region, which is generally optically 
opaque and is integrally formed with circuit elements 
isolated by opaque isolating areas, and a pixel array 
region, which is generally transparent and in which 
the switch elements are isolated by transparent isolat- 
ing areas. 

The peripheral circuk region may have external 
connecting terminal wiring lines integrated in a portion 
thereof. Further, the peripheral circuit region and 
external input/output terminals may be electrically 
connected through Schottky diodes formed in the 
semiconductor single crsytal thin film, in order to pre- 
vent element breakdown which might otherwise occur 
during the application of a high voltage. 

In the present invention, an active matrix type of 
light valve device of super small size and high density^ 
is advantageously constructed from a composite sub- 
strate formed with the aforementioned integrated cir- 
cuil Preferably, an opposed substrate faces the 
composite substrate with a pre-determined gap there- 
between, and an electro-optical material, such as a 
liquid crystal layer, is confined in the gap. 

The light valve device of the present invention 
provides a super small light valve device having a 
remarkably high pixel density and remarkably small 
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pixet size. The device may be emoloyed In a video 
protector including a lignt source and an enlarging 
;ens system, which projector has a super small size 
and a high resolution. 

A further aspect of the present invention provides 
3 light valve substrate semi-conductor device com- 
prising a composite substrate including an electric 
insulating substrate, and a semi-conauctor single 
crystai thin film formed over the said substrate: and a 
pixel array portion formed over said composite sub- 
strate and including a group cf switcn elements for 
energising at leas: a group of pixel electrodes selec- 
tively. 

A further aspect of the present invention provides 
a lignt valve device comprising a comcos.te substrate 
inducing an eieciric insulating suostrate and a semi- 
ccncucror single crystal :hin film; a pixel array portion 
including a group of pixel electrodes for defining a 
pixei region, and a group of swiicn eiemenis for ener- 
gising said pixei electrodes selectively; an opposed 
substrate opposed to said composite substrate at a 
predetermined gap: and an electro-optical materiai 
filling up said cap for optically changing in accorcance 
with the selectively energisations of the individual one 
cf said pixel electrodes. 

Still a further aspect of the present invention pro- 
vides an image projection device comprising a light 
source: a light valve device for forming an image from 
the light coming from said light source: and an optical 
lens for enlarging and projecting the image of said 
light valve device, wherein said light valve device 
comprises: a composite substrate including an elec- 
tric insulating substrate and a semi-conductor single 
crystal thin fiim; a pixel array portion including a group 
of pixel electrodes for defining a pixel region and a 
group of switch elements for energising said pixel 
electrodes selectively; an ooposed substrate 
opposed to said composite substrate through .a pre- 
determined gap; and acv electro-optical material filling 
up said gap for optically changing in accordance with 
the selected energisations of the individual ones of 
said pixel electrodes. 

Yet another aspect of" the present invention pro- 
vides a process for fabricating a light valve substrate 
semi-conductor device including: a composite sub- 
strate having an electric insulating substrate and a se- 
mi-conductor single crystal thin film; and a pixel array 
portion formed over said composite substrate and 
including a group of switch elements for energising 
said grouped pixel electrodes selectively, comprising: 
a first step of forming a semi-conductor single crystal 
thin film by adhering a semi-conductor single crystal 
plate to the surface of said electric insulating sub- 
strate and by polishing said single crystal plate; a sec- 
ond step of forming a group of pixei electrodes and a 
group of switch elements for energising said pixel 
electrodes selectively; and a third step of connecting 
the individual elements of pixel array portion electri- 



cally. 

And another aspect of the present invention pro- 
vides a process for fabricating a light valve device 
comprising: a first step of forming a semi-conauctor 
5 single crystal thin film to form a composite substrate 
by pciishing a semi-conductor single crystal substrate 
after an electric insulating substrate and said semi- 
conductor single cr/stal substrate have been bonded' 
a second step of forming a grouo of pixel electrodes 
to for denning a pixel region and a group of switch ele- 
ments for energising the individual ones of said pixei 
electrodes selectively by integrating a pixel array por- 
tion over said composite substrate; a third step of 
forming liquid crystal aligning alignment mens for said 
is pixei region: a fourth step of superposing an opposed 
substrate on said composite substrate througha pre- 
determined gap: and a fifth step of filing up a liquid 
crystal in said gap. 

The present invention 'wiil be described further, by 
20 way of example, with reference to the accompanying 
drawings, in which: - 

Figure 1 is an expiooed perspective view 
schematically showing an active matrix liquid 
crystal display system constructed by using a 
25 light valve substrate semi-conductor device; 

Figure 2 is a section showing an embodiment of 
the adhesion structure of a semi-conductor single 
crystal thin film composite substrate; 
Figures 3 -to 5 are sections respectively showing 
30 other adhesion structures of the present inven- 

tion; j 
Figure 7 is a section showing a portion of a typical 
structure of the light valve substrate semiconduc- 
tor device; 

35 Figure 3 is a top plan view showing the whole 

structure of the same light valve substrate semi- 
conductor device; 

Figure 9 is a block diagram showing the circuit 
structure of a Y-driver circuit formed in the 

40 peripheral circuit region of the light valve sub- 

strate semi-conductor device; 
Figure 10 is a circuit diagram showing the 
detailed circuit structure of a shift register com- 
posing a part of the Y-driver circuit shown in figure 

J5 9; 

Figure 11 is a circuit diagram showing the 
detailed circuit structure of a level shifter compos- 
ing a part of the same Y-driver circuit; 
Figures 12 to 21 are process charts showing a 

50 process for fabricating the light valve substrate 

semiconductor device shown in figure 7; 
Figure 22 is a schematic top plan view showing 
another embodiment of the light valve substrate 
semiconductor device; 

55 Figure 23 is an equivalent circuit diagram show- 

ing one pixel for explaining the operations of a 
ORAM sense amplifier contained in an additional 
circuit shown in figure 22; 

7 
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S-;L 24 :- a ?irCU,t i,0Ck 0, ' aSram *°™o die 
beaded circuit structure of a ORAM sense 

Figure 25 is a circuit diagram showing a specific < 

s n \ temoera,ure — - - " 

tamed ,n ,he additional circuit shown in figure 22' 
^25^^^ 9 J2. 

"eTn . h ° f V SmPeratUre — i-it c^ 
tcmed ,n ;h e additional circuit shown in figure v>- , 0 
ngure 27 is a circuit diagram showing 7n 
-proved example of the same temperature sen- 

Figure 23 is a schematic section showing a ? or- 

- F 'n7rnf h ,S " SChema " C t0P P ' 3n Vie '" Sf, ^in S 
-" another emoodimen, of the light valve sub 
svrate semi-conductor device- 

tSnZ? IS 3 SChematiC SeC:j0n shcwi "S a oor- , 0 
™ ° f >hS Struc ^ e * a solar cell shown in figure 

Figure 31 is a schematic top P i an view showing a 
.unher emoodiment of the light v3 | ve substrate 
semiconductor device; 

Figure 32 is a schematic diagram shewinc an " 
example of a switch s ,ement croup forme V 
P-xe, array region of the Ught valve substrate se- 
mi-conductor device; 

Figure 33 is a schematic view showing the sec- -« 
-"a- structure of a switch element sholn "n f" " 

Figure 34 is a top plan view showing an enlaraed 
section of one pixel portion of the light va^sS 
strate semi-conductor device- 
Figure 35 is a schematic section showinc a por . " 
on of a light valve substrate semi-co'nductor 
dev.ee. ,n which switch element transistors hat 
•ng an ant.-backchannel. type breakdown voltaoe 
structure are integrated"- - ■ ■ 96 
Figure 36 is a schematic section showing a <ignt " 
a.ve su strate semi-conductor device, in J£ 
sw«tch element transjstors ha gn 

breakdown voltage structure are integrated- 

switch 'J iS a " en ' ar9ed t0P Pl3n view mowing a „ 
switch element transistor having a breakdown 
voltage structure formed with butting 

EH 2? V SChema,,C SeCt, '° n Showin 9 a or- ' 
Jon o, , he „ ght va|ve substrgte Por 

noTb 6 ' ,: hiCh SWi,Ch e,ement '-"-tors ha . 50 
. g a breakdown voltage structure formed with the 
butting contacts are integrated" 
Figures 39(A) to 39(F) are process charts show- 
■ng a process for fabricating a light valve sub- 
strate semiconductor device which is equipped 55 
with sw,tch element transistors having an am, 
backchannel type breakdown voltage structure- 
F.gures 40(A) ,o 40(E) are process charts show- 
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ing another process for fabricac.no a lioh, ■ 
suostrate semi-conductor device wh^ * * 
Ped with switch element 

Figures 41(A) to 41(E) are process charts show 
-ng another process for fabricating a T ht T 
suostrate semi-conductor devic- IfJ, 9 ' 8 
Ped with switch element tran 
LDD type breakdown voltage struc^w-e 
Figures 4 2{A ) :o 42(F) are oroceas -h-rt. k 

ing another process for f abnca^ ;^ t S ;r: 
suoscrate semi-conductor device which is -n? 

thin rum semi-conductor device- 

Figure *4 is a schematic top plan view showing a- 

nod.ncat.oh of the structure of pixel eleJalt 

«al thin nlm semi-conductor device- 
Figure 45 is a schematic section showing the 
structure of a light valve substrate s.ngle ^ 
thm ,-„m semi-conductor device using 
electrodes having the structure shown in Hgure 

Figure 46 is a schematic section showing another 
example of the light valve substrate single cry a 
thin f,lm semi-conductor device- 
Figure 47 is a schematic section showing = L- 

bon of another modification of the pixel electrode 
used m the lightvalve substrate single crystal thin 
film semi-conductor device- 
Figures 48(A) to 48(F) are process charts show- " 
•ng a process for fabricating the light valve sub- 
strate single crystal thin film semiconductor 
aevice shown in figure 43- 
Figures 49(A) to 49(C) are process charts show- 
■ng a process for diffusing an impurity into the 
Pixel electrode made of a po.ycrys.aL silicon thin 

Figures 50(A) to 50(D) are process charts show- 
•ng a process for forming the pixel electrodes of 
silicide; 

Figure 51 is a schematic section showing a por- 
tion of the structure of the light valve substrate 
single crystal thin film semiconductor device- 
Figure 52 is a schematic broken section showing 
another embodiment of the light valve substrate 
smgle crystal thin film semi-conductor device- 

Ih'f Tk 53 ' S , 3 SChSmatic top P |an view lowing 
he light valve substrate single crystal thin film . 
sem.conductor device shown in figure 52- 
Figures 54(A) to 54(G) are process charts show- 

Z^ZT ****** *. semiconductor 
device shown in figure 51- 

Figure 55 is a schematic section showing a por- 
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:ion of one arrrcodiment of a light valve cevice' 
figure 55 is a schematic section showina = ccr- 
cion of 3 modification of the same; 
Figure 57 -s a -scnematic section shewing a por- 
tion of another modification of the same; 
Figure 53 is a. schematic section showing a por- 
tion of stili another modification of the same; 
Figures 59(A) ;o 59(F) are process charts show- 
ing a process for fabricating the light valve sub- 
strate single crystal thin film semi-conductor 
device; 

Figure 5C is a schematic section showing a por- 
:icn cf a :y?ical stnjcture of the iight valve semi- 
concuctor substrate device acccrding ;o the 
r-resent invention; 

Figures SWA) ;o 51(G) are process charts show- 
ing one embocimem of the present invention; 
Figures 52(A) -:o 52(C) are process charts show- 
ing one embodiment cf the present invention; 
Figures 52(A) :o 53(C) are process chans show- 
ing one embodiment cf che present invention; 
Figures 54(A) to 54(C) are process charts shew- 
ing one embodiment of the present invention: 
F : gures 55(A) to 55(C) are schematic diagrams 
showing one embodiment of the secticnai struc- 
ture of a substrate of the present invention; 
Figure 55 is a schematic section showing a por- 
tion of one emcodiment of the light valve sub- 
strate semi-conductor device: 
Figures 57(A) to 57(D) are process charts show- 
ing cne emoodiment of the present invention; 
Figure 53 is a section showing a semi-conductor 
device formed ever the light valve substrate of the 
present invention; 

Figure 69 is a section showing a semi-conductor 
device formed over a light valve substrate; 
Figure 70 is an eiectric circuit diagram showing a 
protective circuit of the semi-conductor device of 
the present invention;,. ■ / 
Figure 71(A) is ^a "top plan view of the substrate; 
Figure 71(8) is a schematic section showing the 
same substrate: 

Figure 71(C) is an enlarged top plan view show- 
ing an integrated circuit chip formed over the sub- 
strate; 

Figure 71(D) is a schematic section showing a 
light valve device using the integrated circuit chip 
over the substrate; 

Figure 71(E) is an enlarged top plan view showing 
a portion of the pixel region of the semi-conductor 
circuit chip; 

Figure 71(F) is a schematic section showing the 
pixel; 

Figure 72 is an exoloded schematic perspective 
view showing one embodiment of the light valve 
device; 

Figure 73 shows one embodiment of a solar cell 
circuit; 
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Figure 74 shows cr.e emoociment of a iight signal 
detect circuit; 

Figure 75 is a schematic enlarged view showing 

a pcaion of one pixel portion cut away from a 

'iquic crystal lignt valve cevice: 

Figure 75 is a schematic view showing an 

examole of the surface structure of alignment 

means; 

Figure 77 is a scnematic section shewing a por- 
tion cf a specific examcie of the alignment mens; 
Figure 73 is a scnematic section showing a modi- 
fication of the alignment means; 
Figure 73 is a scnematic section shewing another 
moGiri cation of :he alignment means; 
figure 30 is a schematic section shewing still 
another modification of the alignment means; 
Figures 31(A) to 81(G) are flow chans showing a 
process for fabricating the semi-concuctor single 
crystal : -^ in subs-ate liquid crystal iight valve 
defies - 

Figure 32 is a schematic view for explaining a pro- 
cess fcr forming line grooves constituting the 
alignments means; 

Figure 53 is a ccnceptional diagram showing a 
video projector; 

Figure 34 is a schematic enlarged section show- 
ing a video projector using a iight valve device 
according to the present invention: 
Figure 35 is a schematic perspective view show- 
ing a projection CRT using a iight valve device 
according to the present invention; * 
Figure 36 is a schematic section showing a colour 
display light valve device according to the present 
invention; and 

Figure 87 is a schematic view showing an appli- 
cation of a light valve device according to the pre- 
sent invention to a display unit of a measuring 
device. 



<*o (First Embodiment] 



With reference to figure 1. here will be described 
an active matrix liquid crystal display device which is 
constructed of a light valve substrate semi-conductor 
device according to the present inventioon. As shown, 
the light valve device or the active matrix liquid crystal 
desplay device is composed of: a light valve substrate 
semi-conductor device 11; an opposed substrate 12 
opposed to the semi-conductor device 11; and an 
electro-optical material layer or liquid crystal layer 13 
interposed between the semi-conductor device 11 
and the opposed substrate 12. The semi-conductor 
device 1 1 is formed with a plurality of pixel electrodes 
3 for regulating pixels, and switch elements or high 
breakdown voltage MOSFETs 2 for driving the pixel 
electrodes 3 in accordance with the pre-determined 
signals. The pixel electrodes 3 are arranged to form 
a matrix. On the other hand, the MOSFETs 2 are 
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an-angecj to .correspond ;o ;he individual pixel elec- 
trodes. 

• As has been described hereinbefore, the semi- 
conductor device 11 has a laminated structure com- 
posed of a quartz substrate 7 and a silicon single $ 
crystal thin film 1. In addition, a polarising plate 4" is 
adhered to the back of the quartz substrate 7. On the 
other hand, this quartz substrate 7 has its surface 
coated with an alignment film 14 for aligning the liquid 
crystal layer 13. Moreover, the MOSFETs 2 have their w 
drain electrodes connected with the corresponding 
pixel electrodes 3, their gate electrodes connected 
with scanning lines 6, and their source electrodes 
connected with signal iines 5; The silicon single crys- 
tal thin film 1 is further formed with an integrated X-dri- 15 
ver 15, which is connected with the signal iines 5 
arranged in columns. Further formed is an integrated 
Y-driver 16, wnich is connected with the scanning 
lines 5 arranged in rows. Since the silicon single crys- 
tal thin film usee is in high quality, according to the 20 
present invention, it is possible to integrate not only 
the switch element group but also the peripheral cir- 
cuit such as the aforementioned X-driver 15 and the 
Y-driver 16 simultaneously in a high density by the LSI 
faoricating technology. 2 - 

Thus, the number of external terminals of the pre- 
sent semi-conductor device can be drastically 
reduced to contribute to the reduction in the chip size. 
The opposed substrate 12 has a laminated structure, 
in which are laminated a glass earner 17, a polarising 20 
plate 18 adhered to the outer side of the glass carrier 
1 7, an opposed electrode 19 formed on the inner side 
of the glass carrier 17, and an alignment layer 20 coat- 
ing the surface of. the opposed electrode 19. 

The liquid crystal layer 1 3 constituting the electro. 35 
optical material layer is made of a nematic liquid crys- 
tal material, for example. This nematic liquid crystal 
molecules are characterised to be easily aligned in 
their major axis direction.. The alignment of the liquid 
crystal molecule is controlled by the paired alignment 40 
layers which are formed on the inner side of the flat 
semi-conductor device 11 and the opposed substrate 
12. 

Next, the operations of the active matrix device 
shown in figure 1 will be briefly described in the follow- ,5 
ing. As has been described hereinbefore, the indivi- 
dual switch element transistors 2 have their gate 
electrodes connected with the scanning lines. 6 and 
are fed with the scanning signals by the Y-driver 1 6 so 
that their conductivities and ^conductivities are con- so 
trolled in the order of lines. The image signals output- 
ted from the X-driver 15 are via the signal lines 5 to 
the selected transistors 2 in the conducting states. 
The image signals thus fed are transmitted to the con 
responding pixel electrodes 3 to partially excite the 55 
liquid crystal layer 13 existing between the pixel elec- 
trodes and the opposed electrode 20. As a result, the 
liquid crystal layer 13 has its alignment partially 
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changed to lose ;he optical rotator/ oower to an in C ; 
cent light. This loss of the cotical' rotatory oower. s 
oetected by the paired polarising plates 13 and 4 a n G 
observed in terms of change in the intensity. The 
image signals applied at this time are given a voltage 
of several to several tens volts so as to excite the 
liquid crystal layer 13 sufficiently. Incidentally? ;he 
level of this voltage is suitably determined in accord- 
ance with the voltage responding characteristics of 
the eiectro-optical material used. Even if the video sig- 
nals applied have a relatively high voltage, the indivi- 
dual switch transistors 2 are not subjected to any 
dielectric breakdown because they have -he 
aforementioned high breakdown voltage character- 
ises. Therefore, the light valve device constructed bv 
using the semi-conductor device of the present inven- 
tion is remarkably excellent in its reliability. Inciden- 
tally, while the pixels are unseiected, the switch 
transistors 2 are incenductive to retain the image sig- 
nals, which are written in the pixel electrodes, as elec- 
tric charges. An ON/OFF current ratio is usually used 
for expressing the high-speed switching performance 
of the transistors 2. The current ratio necessary for the 
liquid cr/stal operations is easily determined from the 
writejime and the hold time. In case the image signals 
are i V signals, for examole. they have to be written 
90% or more for one scanning time period of about 60 
usees. In this. meanwhile. 90% or more charges have 
to be retained for one field time of about 1 6 msecs. in 
this regard, the CN/OFF ratio can be retained six or 
more figures in the present invention because the 
high breakdown voltage MOSFETs are formed of a 
silicon signal crystal thin film having a remarkably 
high charge mobility. 

As a result, it is possible to provide an active mat- 
rix device having a remarkably high signal respon- 
siveness. In addition, the peripheral circuit containing 
the X-driver 15 and the Y-driver 16 can be simul- 
taneously formed over the common silicon single 
crystal thin Him by making use of the high mobility of 
the silicon single crystal thin film*. 

[Second Embodiment] 

Figure 2 shows a second embodiment of the pre- 
sent embodiment. In which: reference numeral 21 
designates a quartz substrate; numeral 22 designates 
a stress buffer thin film; and numeral 23 designates a 
silicon single crystal thin film. * 

The optimum stress buffer thin film 22 is made of 
PSG (ie: Phospho-Silicate Glass). Another suitable 
material is exemplified by a Si0 2 Him, a PSG (ie; 
Phospho-Silicate Glass) Him, a 3SG (ie: Boron-Sili- 
cate Glass) film or a Poly-Si film. Those quartz sub- 
strate 21 , the stress buffer thin film 22 and the silicon 
single crystal film 23 are laminated in the recited 
order, as shown, and are adhered to each other. 

The adhesions are accomplished by the thermo- 
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compressive boading brocess. 

As nss oeen described, the guars suostrate 21 
and the silicon single crystal Him 23 have different 
coefficients of tnermal expansion. As a result. the se- 
mi-conduc:cr single crystal composite thin film sub- 
strate constructed- to have the silicon single crystal 
thin rilm and the o-ansparaent substate" adhered 
directly to each .other is troubled by a seoaration or 
cracking curing :he orccess for the LSI fabrication 
requiring a temperature as high as 800°C. 

in the present embodiment, however, the PSG 
film is sandwiched as the stress buffer thin film 22 be- 
tween tne r ' v0 fi,m s. As a resuit, ;he stress due to the 
difference between the coefficients of thermal expan- 
sion is abscrbed by -:nat stress buffer thin film 22 so :s 
;hac :he siiiccn single crystal film 23 can be oreventeo 
from the seoaration or crackina. 

This stress buffer mm fiim 22 can also be formed 
oy :he spin coating process of 3iO, of application tvpe 
2 which is recently usee for :h e flattening. ' :Q 

(Third Embodiment] 

Figure 3 shows another embodiment of the pre- 
sent Invention. 

What is efferent :rom that of figure 2 resides in 
that *.he stress buffer layer is exemplified in the pre- 
sent embodiment by a stress ourfer region 31 formed 
as the surface layer of the quartz suostrate 21. This 
stress buffer region 31 is formed by implanting the 30 
surface of the quartz suostrate 21 with ions. The 
seeds of ions to oe used are phosphor but may be 
exemplified by boron, silicon or germanium. The 
implanting voltage used is 150 KeV. 

[Fourth Embodiment] 35 

Figure 4 shows still another embodiment qf the 
present invention. This embodiment is constructed by 
adhering an impurity "stop rayeV4i between the silicon : 0 
single crystal thin film 23'and the quartz substrate 21 
of the emboaiment of figure 3. Thanks to the presence 
of that impurity stop layer, the ion seeds implanted for 
forming the stress buffer region 31 can be prevented 
from diffusing into the silicon single crystal thin film 23 js 
by the impurity stop layer 41. This impurity stop layer 
41 is made of a silicon nitride film.. An oxide film can 
also be used for the same application. Moreover, the 
adhesion between the impurity stop layer 41 and the 
single crystal thin film 23 is accomplished by the ther- 50 
mo-com press ive bonding process. 

Thanks to this structure, it is possible to provide 
a more reliable light valve device than that of the 
embodiment of figure 3. 



[Fifth Embodiment] 

Figure 5 shows another embodiment of the pre- 
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sent invention, which corresponds ;o an imorovempn, 
over that of figure 2. What is different resides in >h 
an impurity stoo layer 51 js adhered between 
stress buffer thin fiim 22 and the silicon single crystal 
film 23 of figure 2, i hanks to the presence of the 
impuritiy stop layer 5 1 , an impurity or noxious material 
contained in the stress buffer thin film 22 can be ^re 
vented from diffusing or stealing into the silicon sinafe" 
crystal thin fiim 23. 

The impurity stop layer 5 1 used is identical to that 
of figure 4. Thanks to this structure, it is ccssible 'o 
provide a more reliable light valve device than the 
embodiment of figure 2. 

[Sixth Embodiment] 

Figure 0 shews another embodiment of the pre- 
sent invention, which is improvec over that of figur* 
5. What is different resides in that an interface control 
layer 51 is adhered between the impurity step layer 5T 
and the silicon single crystal :hin film 23 of figure 5. 
Thanks to the presence of that interface control layer 
5 1 . the interface charge or interface level between the 
interface control layer 51 and the Single crystal thin 
fiim 23 can be decreased to improve the reliability and 
characteristic dispersion of the transistors to be for- 
med in the single crystal thin film 23. 

As a result, it is possible to provide a light valve 
device whicrr is superior in reliability and mass- 
productivity to the embodiment of figure 5. 

The interface control layer 31 used is an tfxide 
film (ie: Si0 2 ). This film is formed over the surface of 
the single crystal thin film 23 by an adhesive. This 
oxide film may be formed by the thermal oxidation pro- 
cess or the CVD process. Moreover, the interface is 
stabilised better if the adhesion between the interface 
controllayer51 and the impurity stop layer 51 is effec- 
ted by the therrno-compressive bonding process. 

This is because the thermo-compressive bonded 
interface is more stable than that formed by the CVD 
process or the thermal oxidation process. 

Since the stress buffer layer is sandwiched be- 
tween the silicon single crystal thin film and the trans- 
parent substrate by the structure of the foregoing 
embodiments, it is possible to provide a semi-conduc- 
tor single crystal thin film composite substrate of high 
quality having neither any separation nor any crack- 
ing. Moreover, the semi-conductor single crystal thin 
film composite substrate fabricated is given a stable 
performance by sandwiching the impurity stop layer 
and the interface control layer. 

[Seventh Embodiment] 

Figure 7 is a schematic section showing a portion 
of a typical structure of the planar type light valve sub- 
strate semi-conductor integrated circuit device 
according to the present invention. In this typical 



19 



5P 0 474 474 A2 



20 



example, there is used'an electrically insulating trans- 
parent substrate 71. As shown, the substrate 7i has 
its surface divided into a peripheral circuit region =nd 
a pixel array region adjacent to the former. The 
peripheral circuit region is coated with a semi-conduc- 5 
tor single crystal thin film 72. This semi-conductor 
single crystal thin flim 72 is selectively etched and for- 
med with a plurality of island element regions. In figure 
7, only one pair of element regions are shown for sim- 
ple illustrations. These element regions are individu- to 
ally formed with circuit elements for forming the 
peripheral circuits. One element region is formed with 
an N-type insulated gate fieid effect transistor 73, 
whereas the other element region is formed with a P- 
tyoe insulated gate field effect transistor 74. These is 
paireo N- and P-yDe transistors 73 and 74 constitutes 
the so-called "CMOS transistor pair". The CMOS tran- 
sistor is a circuit element of remarkably high perform- 
ance and Is featured by its high speed operations and 
a lew oower consumption. The N-type MOS transistor 20 
73 is composed of a pair of N'-rype drain region D and 
source region S. which are spaced in the surface of 
the P _ -type element region, and a gate electrode G 
laminated thereover through an tnsuiating film 75. On 
Che other hand, the P-type transistor 74 i s composed 25 
of a oair of Retype drain region 0 and source region 
S. which are spaced in the surface of the N~-type ele- 
ment regions, and a gate electrode G laminated there- 
over through an insulating film 75. 

On the other hand, the pixel array region is for- 30 
med with a group of pixel electrodes and a group of 
swich elements. For simple illustrations, there are 
shown in figure 7 only one pixel electrode 75 and one 
corresponding switch element. The switch element is 
constructed of an insulated gate field effect type thin 35 
film transistor 77. This thin film transistor 77 is com- 
posed of a gate electrode G formed over the surface 
of the substrate 71, and a pair of drain region D and 
source region S. which ar^forrnedin a semi-condcu- 
tor polycrystai thin filrh' 78 lanminated over the sub- 40 
strate 71 through a gate insulating film 75'. The 
semi-conductor polycrystai thin film 78 constituting 
the source region S is extended to form the pixel elec- 
trode 76. The pixel electrode 76 can be substantially 
transparent by making the semi-conductor polycrystai 45 
thin film 78 as thin as several hundreds A. 

[Eight Embodiment] 

Next, figure 8 is a schematic top plan view show- 50 
ing the structure of a planar type light valve substrate 
semi-conductor integrated circuit device. As shown, 
the substrate 71 is divided into a peripheral circuit reg- 
ion, which is coated with the semi-conductor single 
crystal thin film 72. and a pixel array region which is 55 
coated with the semi-conductor polycrystai thin film 
78. 

The boundary is indicated by dotted lines. 
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The pixel array region 31 is formed with a grouo 
of thin film transistors 77 which are arranged in a mat- 
rix shape like the group of matrix-arranged pixel elec- 
trodes 76. The thin film transistors 77 have 'their 
source electrodes connected with the corresponding 
pixel electrodes 76, their gate electrodes connected 
with scanning lines 32 and their drain electrodes con- 
nected with signal lines 33. 

On the other hand, the peripheral circuit region is 
formed with an X-driver circuit 34 which is composed 
of the CMOS transistors or the like, as shown in figure 
7. This X-driver circuit 34 j s connected with the signal 
lines 83 arranged in columns. There is also included 
a Y-driver 35 which is connected with the scanning 
lines 32 arranged in rows, i hese X-driver and Y-driver 
circuits 84 and 85 are used to drive the switch element 
group composed of the thin film transistors 77, The Y- 
driver circuit 35 selects the switch element group 
sequentially in the crcer of lines through the individual 
scanning lines 32. and the X-driver circuit 84 feeds the " 
selected switch elements with the image signals 
through the signal lines 83. The X- and Y-driver cir- 
cuits 54 and 85 have similar circuit structures. 

[Ninth Embcdimentj 

Figure 9 is a block diagram showing the Y-driver 
circuit 85 by_way of example. In this embodiment, 
totally fifty five scanning lines Y1 to Y55 are selected 
in the order of lines. The Y-driver circuit 55 is bascially 
composed of shift registers F1 to F55 connected' to 
fifty five stages. These shift registers are fed with a 
clock signal YC. a drive signal YD, a frame signal ■ 
FSY, a synchronous signal TSTB and so on to output 
timing signals for controlling the selection timings of 
the scanning lines Y 1 to Y55 via individual AND gates. 
These individual gates have their output terminals 
connected with level shifters LU1 to LU55. respect- 
ively. These level shifters are provided for transform- 
ing and outputting the voltage levels of the timing 
signals to apoly high voltages to the gate electrodes 
of the individual switch elements through the scan- 
ning lines Y1 to Y55. Although a voltage as high as 
about 15 V is usually required for driving the pixel 
array, a voltage as low as about 4.5 V is sufficient for 
operating the peripheral circuit including the driver cir- 
cuits. Thus, a primary voltage V 00 - V GN0 = 4.5 V is 
boosted to a secondary voltage of Vqq - V ss = 1 5 V by 
using the level shifters LU1 to LU55. Thanks to this 
structure, the peripheral circuit can have its power 
consumption reduced in its entirety. 

[Tenth Embodiment] 

Next, figure 10 shows an example of the detailed 
circuit structure of each shift register Fn. As shown, 
the shift register includes a plurality of inverters. 
These inverters canbe easily having a combination of 
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a CMOS transistor-9ai?of the N-type MCS transistor 



73 and the P-cype MCS transistor 74 
ure 7. 

[Eievertth Embodiment] 



as sncwn in ric- 



Moreover. figure 1 1 shows an example or the 
detailed circuit structure of each level shifter LUn. As 
shown, the level shifter is comoosec of a olurality of 
inverters, a oluraiity cf N-type MCS transistors, a , 0 
plurality of P-type MCS transistors and so on. Thus, 
like the shift registers, the level shifters can be inte- 
grated in a high density over the semi-conductor 
singie crystal chin film 72. 

(Twelfth Embodiment 1 

With reference to figures 12 to 21 . :he process for 
fabricating :he semi-conductor integrated circuit 
device shown in figure 7 will be descrbed in detain ?o 
tne following. At a firs; step shown in figure 12. :here 
are prepared a transparent electrically insulating sub- 
strate 101 mace of quarz or the like and a single crys- 
tal semi-conduc:cr substrate 102 mace of silicon. The 
singie crystal silicon substrate 102 is preferably 25 
exemplified by a silicon wafer of high qualitv used in 
the LSI fabrication and has a crystal azimuth in a 
uniform range cf <100> 0.0 t 1 .0 and a single crystal 
lattice defect density of 500/cm2 or less. The prepared 
quartz substrate 101 arid the silicon wafer 102 prep- 30 
ared have their surfaces precisely finished at first. 
Subsequently, the two substrates are thermo-com- 
pressively bonded by superimposing and heatino the 
two polished surfaces. As a result of this thermo-com- 
pressive bonding treatment, the two substrates 101 35 
and 102 are fixedly bonded. 

At a step shown in figure 13, the surface of the sili- 
con wafer 1 02 is polished. As a result, the quartz sub- 
strate 101 is formed on its surface with a single crystal 
silicon thin film 103 polished to a desired thickness of 40 
several microns. In order to thin the silicon wafer sub- 
strate 102, the mechanical polishing treatment may 
be replaced by a chemical etching treatment. Since 
the single crystal silicon thin Him 103 thus obtained 
substantially retains the quality of the silicon wafer 45 
102 as it is. it is possible to obtain a composite sub- 
strate material which is remarkable excellent in the 
uniformity of crystal azimuth and the lattice defect 
density. 

On the other hand, there is known in the art an 50 
SOI substrate which has a two-layered structure com- 
posed of a substrate and a silicon single crystal thin 
film. The SOI substrate is achieved by depositing a 
polycrystal silicon thin film on the surface of a carrier 
made of an insulating material, for example, by the 55 
chemical vapour deposition process and thereby 
accomplishing a heat treatment with a laser beam to 
re-crystallise the polycrystal film into a single crystal 

13 



structure, Desp.te of :his prior technology, however 
the single crystal thus re-crystallised from the pciyc- 
ryscal does not always have a uniform crystal azimuth 
and has a high lattice defect density. This shortens 
the lifetime of the carrier and makes it difficult to form 
the DRAM. 

For this reason, it is difficult to apply the miniature 
like technology like the silicon wafer to the SOI sub- 
strate which is fabricated by the existing process. It is 
also difficult to achieve 3 quality cf high speed. On the 
contrary, the composite substrate used in the present 
invention has the two-layered structured composed of 
the substrate and the silicon wafer single crystal thin 
film cf high quality so that it can be aoplied directly to 
the ordinary LSI facricaiicn technology. Moreover, the 
performance octainabie is similar to that cf the bulk 
silicon. 

At a subsequent step shown in figure Id, ;he 
single crystal siiicon chin fiim 103 covering ail over the 
surface of the substrate 101 is treated :o sat :he 
peripheral circuit region and the pixel array region. In 
figure 14, only the boundary of these two regions -s 
partially shown. In this example, the siiicon single 
crystal thin film existing in the pixel arTay region is 
etched off ail over the surface to expose the surface 
of the substrate 101 to the outside. On the other hand, 
the peripheral circuit region is subjected to a seleccive 
removing treatment such as a plasma ion etching 
treatement through a mask 104. which is patterned to 
a pre-determined shape, to form a plurality of isiarjd 
element regions 105 made of the siiicon single crysfal 
thin fiim 103. For simple illustrations, only one ele- 
ment region is shown in figure 14. 

At a step shown in figure 1 5. the surface and side 
of the silicon single crystal thin Him 103 patterned into 
the island shapes are subjected to a thermal oxidation 
to form a gate insulating film 106 made of siiicon 
dioxide. 

At a step shown in figure 16. a polycrystal silicon 
fiim is deposited by the chemical vapour deposition 
process to cover all over the surface of the substrate 
101. This polycrystal silicon film is selectively etched 
by means of a resist mask (although not shown), 
which is patterned into a pre-determined shape. to 
form a first gate electrode G1 on the surface of the 
gate insulating fiim 106. Simultaneously with this, the 
polycrystal silicon film is selectively etched in the pixel 
array region, too. to form a second gate electrode G2. 

At a subsequent step shown in figure 1 7, the sili- 
con single crystal thin film 103 has its surface implan- 
ted with impurity ions through the gate insulating film 
106 by using the gate electrode G1 as a mask, to form 
a first drain region D1 and a first source region S 1 . As 
a result, a transistor channel forming region having no 
impurity doped is formed below the gate electrode G1 
and between the drain region 01 and the source reg- 
,on S1. As a result, the island element region 105 is 
formed with an insulated gate field effect type single 
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crysial ihm fiim transistor. This transistor constitutes 
che penoherai circuit element, as has Seen described 
hereinbefore. 

Next, the substrate 101 is coated all over its sur- 
face with a silicon dioxide coating film 107 by the 
chemical vapour deposition process. This silicon 
aioxide coating film 1.07 forms a gate insulating film for 
tne second gate electrode 102. 

At a subsequent step shewn in figure 19. the 
chemical vapour deposition process is used to form a 
polycrystai silicon thin fiim 108 all over the surface of 
the silicon dioxide coating film 107. The polycrystai 
siiicon thin film 103 is preferably set to have 3 thick- 
ness of several hunoreds A and is substanially trans- 
parent. A mask (aithcugh not shown) patterned into a 
predetermined snap is used for a selective etching to 
remove the polycrystai siiicon thin film 108 partially. 

At a step shewn in figure 20, moreover, the polyc- 
rystai silicon thin film 108 thus patterned Is selectively 
implanted with an impuriryto form a second drain reg- 
ion 02 and a second source region 32 at the two sides 
cf the second gate electrode G2. This impurity injec- 
tion is carried out by the impurity ion implantation or 
the impurity diffusion. As a result, the pixel array reg- 
ion is formed with the insulated gate field effect type 
polycrystai thin film transistor which is composed of 
the second gate electrode G2. the second drain reg- 
ion 02 and the second source region S2. Simul- 
taneously with this, the portion of the polycrystai 
siiicon thin fiim 108, which extends from the source 
region S2. forms a transparent pixel electrode 109. 

At a final step- shown in figure 21. a metal wiring 
is accomplished for a pre-determined electric connec- 
tion, and the substrate 101 is then coated all over its 
surface with a transparent passivation film 110. 

As a result, the pixel array region is formed of the 
switch elements composed of the polycrystai thin film 
transistors, and the pixel electrodes composed of the 
polycrystai silicon thin film. 

In, the embodfmentfhus far described, the pixel 
array region is coated with" the polycrystai silicon thin 
film. Despite of this fact however, the coating should 
not be limited thereto but may be carried out by coat- 
ing the pixel array region with a silicon amorphous thin 
film and by forming the amorphous thin film with 
switch elements or the like. Alternatively, the pixel 
array region may be left with the silicon single crystal 
thin film to be formed with the switch elements or the 
like. However, the silicon single crystal thin film has a 
thickness of several microns because it is formed by 
polishing the silicon wafer, as has been described 
hereinbefore. As a result, the silicon single crystal thin 
film is substantially opaque so that it cannot be used 
directly as the transparent pixel electrodes. This 
makes it necessary to transform the silicon single 
crystal thin film at the portion to be formed with the 
pixel electrodes into a field oxide film by the selective 
thermal oxidation. On the contrary, the silicon polyc- 



rystai thin fiim or the silicon amorphous thin film can 
be made remarkably thin by the vacuum evaporation 
process or the chemical vaoour deposition process so 
that it can be utilised as it is as the transparent pixel 

5 electrodes. On the other hand, the silicon single crys- 
tal thin fiim transistor has a larger leakage current due 
to anincident light than that cf the silicon polycrystai 
thin film transistor or the silicon amorphous thin Him 
transistor. Thus, the switch elements may more oref- 

;o erabiy be exemplified by an insulated gate field effect 
type thin fiim transistor whicn is made of not a single 
crystal material but a oolycrystai or amorphous ma- 
terial. Moreover, the' silicon polycrystai thin film or the 
silicon amorphous thin film can be deposited ext- 

:5 remeiy chin, as has been described hereinbefore, ■he 
seep size of the surface can be reduced to prevent the 
stepwise cut of the wiring oattern or the like effec- 
tively. 

In the present embedment, the silicon polycrysial 
20 thin rlims shared between the first gate electrcce Gt 
and the second gate electrcce G2 are simultaneously 
patterned. Despite of this fact, however, the second 
gate electrode G2 should not be limited thereto but 
can be formed of the silicon single crystal thin film 103 
25 simultaneously as the thin fiim 103 is to be seiectiveiy 
etched to form the island element regions. 

■ [Thirteenth Embodiment] 

3G With reference to figure 22. a planar type light 

valve substrate semi-conductor integrated cirbuit 
device according to the present invention will be. des- 
cribed in the following in connection with another 
embodiment. In the present embodiment, too, a sub- 

:s strate 121 is divided, as indicated by dotted lines, into 
a pixel array region and a peripheral circuit region. 
The pixel array region is formed with a group cf pixel 
electrodes and a group of switch elements, which are 
arranged in a matrix shape. On the other hand, the 

■JO peripheral circuit region is coated with a silicon signle 
crystal thin film. This thin film is formed not only with 
an X-driver circuit 122 and a Y driver circuit 123. as 
in the foregoing embodiments, but also with an 
additional circuit 124 having a variety of functions. 

'5 Since this additional circuit 1 24 can be formed of a siii- 
con single crystal thin film of high quality, a group of 
various additional circuits can be integrated in high 
density by. using the ordinary LSI technology. For 
example, the additional circuit 124 includes a control 

50 circuit for controlling the X-driver circuit and the Y-dri- 
ver circuit. 

This control circuit is constructed of a video signal 
processing circuit for processing the image or video 
signals inputted from an external signal source to 
55 transfer the processed signals to the X-driver circuit 
122. By thus adding the video signal processing cir- 
cuit over the semi-conductor integrated circuit sub- 
strate device, this substrate device can be connected 
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greedy with an external image signal source. As a 
resuit. :t is possible to achieve a remarkably excellent 
generai-purpose. super-small and high-speea image 
device. The circuit conceivable to be additionally 
incorporated is one having various functions in addi- 5 
tion to ;he video signal processing circuit. 

[Fourteenth Embodiment) 

The acditional circuit is exemplified by a ORAM :o 
sense amplifier.. This DRAM sense amplifier can be 
used ;c detect as the stored data the charges, which 
are temporarily stored in each of the pixel electrodes, 
■hereby :o detect the defect of each pixel. Firs; of all. 
the principle will be briefly describee with reference to ;5 
figure 23. Figure 23 shows an equivalent circuit of one 
oixei existing a node between a signal line Xi and a 
scanning line Yj. The pixel is formed of a switch ele- 
ment 131 made of a transistor, a liquid crystal 132. a 
cscactance eiement 133 and so on. The switch ale- 20 
ment 1 31 is formed in the surface of the semi-conduc- 
tor substrate device, and the liquid crystal 132 is 
sandwiched between a pixel electrode 134 formed in 
the surface of the semi-conductor substrate device 
and an opposed electrode 135 formed in the opposed is 
suostrate. In addition, the capacitance eiement 131 is 
formed between the pixel electrode 134 and another 
electrode such as a.signal line electrode or a scanning 
tine electrode. Alternatively, the capacitance element 
131 can be formed over single crystal silicon. The 30 
switch transistor 131 has its gate electrode connected 
with the scanning line Yj, its drain region connected 
wiih the signal line Xi and its source region connected 
with the pixel electrode 134. If the switch transistor 
131 is rendered conductive through the scanning line 35 
Yj, the capacitance element 133 is stored with pre- 
determined charges through the signal line Xi. After 
this, the switch transistor 131 is instantly rendered 
inconductive through i the-scannihg line Yj so that the 
charges are stored In the .capacitance element 133. jo 
Sy the voltage to be estabfihsed between the two 
ends of the capacitance element 133, the liquid crys- 
tal 132 is driven to perform the light valve function. 
Thus, the equivalent circuit shown in figure 23 is sub- 
stantially identical to one memory cell of the DRAM. 45 
Specifically, the capacitance element 133 has a func- 
tion to store the image signals, which are fed through 
the signal line Xi, temporarily as the charges. In the 
present invention, this temporarily storage time can 
be held to be as long as that of the DRAM using the so 
bulk silicon of the prior art. This is because the mate- 
• rials are identical. So long as there is no defect in each 
^ pixel, the memory cell will perform normal operations. 
£.Thus. by reading out the charges stored in the capaci- 
tance element as the stored data, the defect, if any. 55 
^ of each pixel can be tested remarkably easily and 
' promptly. 

this, the additional circuit 124 contains the 



ORAM sense amplifier for reacing out the data scored 
in :he memory cell. In case the capacitance of the 
DRAM and transistor are mace of polycr/stal silicon, 
the data storage time is too short to operate the 
DRAM. 

(Fifteenth Embodiment] 

Figure 24 shows an examcle cf a detailed circuit 
structure of such DRAM sense amplifier. In figure 24. 
there is shown one DRAM sense amplifier which cor- 
responds to each coiumn component of the matrix 
pixel array. The sense amoiifier is connected with the 
X-driver circuit 122 and the Y -driver circuit 123, as 
snewn in figure 22. The sense amplifier nas a three- 
step structure, of which the firs; step 141 and the sec- 
ond step U2 are rendered operative in response to a 
read signal. Specifically, when the data stored in the 
oixel array to be deemed equivalent to the memory 
array are to be read out. the read signai is outputtetf 
to render the ORAM sense memory circuit readable. 

A pair of input terminals at the first step 141 is fed 
through the X-driver circuit 1 22 with data OXi read out 
onto the signal line Xi and their inverted data DX! 

The first step 14*i amplifies the data fed thereto. 

Moreover, the second step 142 has its input ter- 
minals fed through the Y -driver circuit 123 with a scan- 
ning signal S Yj appearing on the scanning line and the 
inverted signal ASYj of the former. In synchronism 
with the scanning signal, the second step 142 further 
amplifies the data fed from the first step. Final^, a 
third step 143 is a buffer which is sequentially fed with 
the data read out to the output terminals of the second 
step 142. Although not shown, the data thus read out 
are sequentially compared with and evaluated from 
reference dtaa so that the existence of the defect of 
each pixel is detected. As is apparent from figure 24, 
the ORAM sense amplifier is composed of a number 
of transmission gates, inverters, and N- and P-type 
transistors. All of these circuit elements can be made 
of insulated gate field effect transistors. The silicon 
single crystal thin film is the most suitable for integrat- 
ing those grouped transistor elements in high density, 
with a low leakage current and in a high-speed oper- 
ation. Especially, the single crystal silicon CMOS tran- 
sistors can be utilised so as to warrant the high-speed 
operation and the low power consumption. In case of 
the single crystal, the ORAM function can be easily 
afforded because the lifetime is larger by one order or 
more than the polycrystal. 

[Sixteenth Embodiment] 

Figure 25 shows a photo sensor circuit as another 
example of the peripheral circuit to be incorporated 
into the additional circuit. The photo sensor circuit is 
used to detect the intensity of an incident light for 
irradiating the semi-conductor integrated circuit sub- 
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sorate device. Generally speaking, the light valve 
device is eouipped with a light source. This light 
source has its lifetime limited to have its emission in- 
tensity gradually dropped. 3y monitoring the arop of 
the emission intensity at all times, the inspection. 5 
maintenance and replacement of the light source can 
be facilitated. As shown, the photo sensor circuit 
includes a photo diode 151 which is connected be- 
tween the supply voltage Vr*, and the earn terminal. 
This photo diode 151 can be easily formed such that to 
a PN junction is formed by doping a single crystal sili- 
con thin rlim of one conduction type with an imourity 
of the inverse condition type. The photo diode has its 
one end connected with a current/voltage conversion 
resistor 152. This resistor 1 52 can be easily formed by ;s 
doping the silicon single' crystal thin film with an 
impurity. The resistor 152 has its one end connected 
with the positive input terminal of a differentia! 
amplifier 153. The negative input terminal of this dif- 
ferentia! amplifier 153 connected with the output ter- 20 
minal of the differential amplifier 153. As a result, this 
differential amplifier 153 forms a buffer. The present 
photo sensor circuit further includes another differen- 
tial amplifier 1 54. This differential amplifier 1 54 has its 
positive input terminal connected with the output ter- 25 
minal of the buffer 153 through the diffusion resistor 
155 and its negative input terminal fed with a refer- 
ence voltage V RE? . The differential amplifier 154 com- 
pares the detected voltage, which is detected by the 
photo diode 151 and has a level proportional to the in- 30 
tensity of the incident light, with reference voltage to 
output a warning signal when the detected voltage is 
lower the reference voltage. This is because the light 
. source of the light valve device requires the inspec- 
tion, maintenance or replacement when the intensity 35 
of the incident tight drops to a constant level or lower. 
All the components of the photo sensor circuit shown 
in figure 25 can be integrated over the silicon single 
crystal thin film. --...* 

[Seventeenth Embodiment] 

Next, a temperature sensor circuit exemplifying 
the peripheral circuit contained in the additional circuit 
will be described with reference to figure 26. This tern- 45 
perature sensor circuit contacts in face-to-face rela- 
tion with an electro-optical material such as a liquid 
crystal to monitor the temperature change of the same 
in case the semi-conductor substrate device is pack- 
aged in the light valve. If an operating range is so 
exceeded due to an overheat of the liquid crystal, the 
temperature sensor circuit issues a warning signal to 
maintain the normal operation of the light valve. In the 
present embodiment, the photo sensor circuit is com- 
posed of one NPN transistor 161 and a constant cur- 55 
rent circuit 162. which are connected in series 
between the power supply V 00 and the earth V ss , As 
is well nown in theart. the base-emitter voltage Vf of 



the NPN transistor has a voltage dependency. As a 
result, the output voltage Vf depending uoon the tem- 
perature is estaolished at one end of the constant cur- 
rent source 162 by feeding a constant current If 
between the base and the emitter by the constant cur- 
rent source 1 62. If this output voltage Vf is compared 
with a pre-determined reference voitge, it is possible 
to detect the overheat of the liquid crystal used in the 
light valve device. The NPN transistor 161 can be 
easily fabricated in the CMOS process. Moreover, the 
constant current circuit 162 can also be easily con- 
structed by using a plurality of insuiaced gate field 
effect transistors. 

[Eighteenth Embodiment] 

Figure 27 shows a photo sensor circuit having 
temperature characteristics of higher sensitivity. 
What is different from that of figure 25 resides in -hat 
two NPN transistors are in the Darlington connection? 
This temperature sensor circuit can also be packaged 
in the CMOSIC to provide a temperature sensor cir- 
cuit having a sensitivity substantially equal to that of 
the thermistor in the operation at 1.5 V, for example. 
This temperature sensor circuit can warrant the tem- 
perature sensitivity of - 5mV/°C for a temperature 
range of - 10°C to + 60°C and is suited for mass pro- 
duction because of its excellent linearity and little dis- " 
persion. If the NPN transistors 161 and 163 are so 
connected in plurality as to add the base-emitter vol- 
tages, as shown, the Darlington connection is neces- 
sarily achieved because the collectors are commonly 
connected. The sensor output voltage Vf is achieved 
if the constant current IF is fed to the Darlington con- 
nection through the constant current source 162. 

[Nineteenth Embodiment] 

Figure 28 is a schematic diagram showing the 
sectional structure of a semi-conductor integrated cir- 
cuit substrate device formed with the NPN transistor 
as the temperature sensor element. As shown, the 
electrically insulating quartz substrate 71 has its sur- 
face formed thereover with the single crystal silicon 
thin film 72. thus constructing the aforementioned 
composite substrate. This composite substrate is for- 
med at its lefthand half with the NPN transistor and at 
its righthand half with an N-type MOS transistor. As is 
apparent from figure 28, these NPN transistor and N- 
type MOS transistor can be simultaneously formed. 
The NPN transistor is used as the temperature sensor 
element, and the N-type MOS transistor is used as an 
elementforforming part of th constant current circuit, 
for example. The N*-type single crystal silicon thin film 
layer 72 is formed with a P"-type base diffusion layer. 
This base diffusion layer is formed therein with an N~ 
type emitter region. The P"-type base diffusion layer 
can be diffused simultaneously with the P-well of the 
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N-tyce SACS -transistoFin -he CMCS process, and the 
>r-:yce emitter "region can be formed simultaneously 
with ;he N'-type source region anc ;ne. drain region. 

[Twentieth Embodiment] . 

With reference to figure 29. -here Is shown a pla- 
nar type light valve substrate semi-conductor inte- 
grated circuit device which is packaged with a solar 
cell as the peripheral circuit. As shewn, the substrate to 
7 1 is divided into two regions. The region, as enclosed 
by dotted iines. is a pixel array region which is inte- 
grated with a pixel electrode group and a switch ele- 
ment group. The region other than chat enclosed by 
the dortsd iines is a peripheral circuit region which is »s 
formed with the X-driver circuit 122 and' the Y-driver 
circuit 123. At the same time, a solar ceil 191 is formed 
along the peripheral end portion of -.he peripheral cir- 
cuit region. This soiar ceil 191 converts an incident 
light irraoiating the light valve device into an siectnc 20 
energy to supcly a drive power to the pixel array, the 
X-driver circuit 122 and the Y-driver circuit 123. Inci- 
dentally, like the foregoing various embodiments, the 
peripheral circuit region is coated with a silicon singie 
crystal thin film of high Quality. This siiicon singie crys- 25 
cat thin film is achieved by adhering a siiicon wafer to 
the surface of the substrate and then by polishing it. 
The solar cell 191 is a semiconductor element for con- 
verting the optical energy of the incident light into the 
electnc energy by making use of a PN junction. At pre- 30 
sent, the solar cell having the highest conversion effi- 
ciency is obtained by using single crystal silicon. As 
a result, it is remarkably effective to form the solar cell 
element in the peripheral portion of the semi-conduc- 
tor integrated circuit substrate device. 35 

[Twenty First Embodiment] 

Figure 30 schematically shows the sectional 
structure of such solar cell'. The single crystal silicon 40 
thin film 72 adhered to the surface of the substrate 71 
is subjected in advance to a diffusion treatment with 
an N-type impurity and has a resistivity of 0.1 to 1 Q 
cm. A P-type impurity such as boron is diffused into 
that surface portion to form a P-type layer 202. 45 

As a result, there is achieved a PN junction having 
a photo voltaic energy. Moreover, the surface of the 
substrate 71 is passivated with an anti-reflection film 

203 made of silicon monoxide. This anti-reflection film 

can be formed by the vacuum evaporation process. so 
Subsequently, the anti-reflection film 203 is partially 
formed with a contact hole, and a negative terminal 

204 made of a metal is connected with the N-type sili- 
con single crystal thin film 72. Moreover, the anti-ref- 
lection film 203 is formed in its another portion with a 55 
contact hole, and a positive terminal 205 made of a 
metal is connected with the P-type diffusion layer 202. 

These electrode terminals 204 and 205 are used 



as power supcly cerminals for the ceripherai circuit 
[Twenty Second Embodiment] 

Figure 31 is a schematic cop oian view showing 
an example of the pattern of external connection ter- 
minals extracted from the X-driver circuit 122 and the 
Y-driver circuit 123. As shown, a group of external 
connecting terminal wiring lines 21 1 are formed in a 
concentrated manner in one peripneral portion of the 
surface of the substrate 71. As a result, the electnc 
connection with the external circuits can be remark- 
ably facilitated. Simultaneously as the substrate 71 
and the not shown opposed substrate are subjected 
;o the heat sealing process to fabricate a light valve 
Device, for example, the electrically connecting pro- 
cess for the external connecting terminal wiring lines 
21 1 can be accomplished. Since. =t this time, a heat- 
ing member for the heat sealing process rakes no 
direct abutment against ihe X-driver circuit 122 and* 
the Y-driver circuit 123. As a result, it is possible to 
eliminate a fear that the circuit elements formed over 
ihe semiconductor integrated circuit substrate device 
are thermally broken while the light valve device is 
being assembled. 

[Twenty Third Embodiment] 

Finally, with reference to figures 32 and 33, there 
is shown an example of a switch element for energis- 
ing the pixel electrodes selectively. / 

Figure 32 is a schematic top plan view showing a 
portion of one.pixel electrode and one switch element, 
which exist at the node of a certain signal line Xi and 
a certain scanning line Yj. As shown, one diode 222 
is connected between one side of a pixel electrode 
221 and the corresponding signal line Xi. Moreover, 
another diode 223 is connected between another side 
of the pixel electrode 221 and the correpsonding 
scanning line Yj. 

These paired diodes 222 and 223 constitute a 
switch element for energising the pixel electrode 221 
selectively. In the foregoing embodiments, the switch 
element is exemplified by the insulated gate field 
effect type transistor. The diodes have a smaller ele- 
ment area than that of the transistor so that an aper- 
ture factor per pixel can be enlarged. Specifically, the 
areal ratio to be occupied for one pixel by the trans- 
parent pixel electrode 221 can be so enlarged as to 
provide a transparent light valve device which is 
excellent in the image display performance. By feed- 
ing the image signal to the signal line Xi in synchron- 
ism with the selection signal applied to the scanning 
line Yj, as shown, the electric charges can be fed to 
and stored in the pixel electrode 221 through the 
paired diodes 222 and 223. 

Figure 33 shows the sectional structure of one 
pixel portion shown in figure 32. In the present embo- 
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aimer,:. the silicon single crystal -thin fiim 72 ac hereo 
to -he surface of the sucstrate 71 is used as it s to 
• crm the cioaes 222 and 222. However, a silicon 
pclycrysta! thin film or an amorphous thin fijm may be 
formed, after the silicon single crystal :hm fiim has 5 
been removed from the pixel array region, to form the 
diodes in that thin film. In the present embodiment. the 
silicon' singie crystai thin film 72 is selectively etched 
to form a pair of island element regions. These indivi- 
dual island element regions are coped with impurities -o 
of arfferent conduction types to form a ?N junction 
composed of P'-type region and an N-cype region 
thereby to provide the diodes. Moreover, the pixel 
electrode 221 made cf a transparent material ; s for- 
med by the vacuum evaporation process or the iike 
between the paired diodes 222 and 223. As is aoca- 
rent from figure 33. the size of -he island element rec- 
icns for forming the diodes can be remarkably small 
:o increase the aoerture factor of each oixel acccrc- 
ingiy. In case the insulated gate field effect type ;hin 20 
film transistor is used, the aperture factor is 50% -:o 
50%. In case the paired dicces are used, on the con- 
trary, the aperture factor can be imoroved to about 
30%. 

According to the present invention, as has been 25 
described hereinbefore, the light valve device sub- 
strate has its surface divided into the pixel array rec- 
ion and the peripheral circuit region adjacent to the 
former. And, at least the peripheral circuit region is 
coated with the semi-conductor single crystal thin film 30 
of high quality, which is adhered to the substrate. The 
pixel array region is formed with the pixel electrode 
group and the switch element group, and the 
peripheral circuit region can have its semi-conductor 
single crystal thin film integrated with the circuit e!e- 35 
ment group constituting the peripheral circuit having 
the various functions. Specifically, the transistor 
made cf single crystal silicon can be so formed in the 
chip as to have a thresh'otd'vbltage within a disperson 
of about 100 mV or less s© that the peripheral circuit *q 
of high precision can be easily formed. To the semi- 
conductor single crystal thin film, there can be easily 
added by the integrated circuit technology the 
peripheral circuits which have so various functions as 
those of the super-LSI. because the thin film is made 15 
of the single crystal. As a result there can be an effect 
that it is possible to provide a light valve semi-conduc- 
tor integrated circuit substrate of high speed, small 
size and multiple functions. The peripheral circuit can 
be freely exemplified by the X-driver circuit and Y-dri- 50 
ver circuit for driving the switch element group, a 
ORAM sense amplifier, a photo detect circuit, a tem- 
perature detect circuit or a solar cell. 



[Twenty Fourth Embodiment] 

Next, another preferred embodiment of the pre- 
sent invention will be described in detail in the follow- 
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:ng. Figure 34 is a schematic top plan view snowing 
one oixei portion of the light valve substrate semi-con- 
ductcr device ;n an enlarges scale. The electrically 
insulating substrate has its surface coated with a 
semiconductor single crystal chin film such as a siiicon 
single crystal thin film 2*1. The silicon singje crystal 
thin film 2*1 is formed over its surface with a MOSFET' 
242 having a structure cf high breakdown voltage. 
This MOSFET 242 is formed with a source recion 5 
and a drain region D. A channel region C is formed be- 
tween the two regions 5 and 0. A gate electrode G is 
overiappec cn the channel region C through a gate 
insulating film. Moreover, the substrate is formed over 
its surface with a pixel electrode 243 f C r defining ? 
pixei. This pixel electrode 243 and the drain region D 
of che MOSFET 242 of high breakdown voltage are 
eiectncaily connected with each other througn a con- 
tact hole 244a. On the other hand, the substrate sur- 
face is formed with a signai line 245, which is 
electrically connected with the source region S of the 
high breakdown voltage MOSFET 242 through a con- 
tact hole 244b. Moreover, a scanning line 246 is for- 
med and is partially extendec to constitute the gate 
electrode G. 

[Twenty Fifth Embodiment] 

With reference to figures 35 to 38, a specific 
example of the structure of the high breakdown volt- 
age MOSFET 242 will be described in detail in the fol- 
lowing. Figure 35 exemplifies an anti-backchannei 
type high breakdown voltage MOSFET 242. A trans- 
parent, electrically insulating substrate such as a 
quartz substrate 254 has its surface coated with the 
silicon single crystal thin film 241. This silicon single 
crystal thin film 241 is selectively thermally oxidised to 
form a field oxide film 251 enclosing the element reg- 
ion. Since this silicon single crystal thin film 241 is 
completely thermally oxidised, the element separat- 
ing region 251 is made of substantially transparent 
silicon dioxide. The silicon single crystal thin Him 241 
left inthe element region has its surface portion for- 
med with a source region S and a drain region O. 
which are made of a shallow impurity diffused layer. 
The impurity diffusion depth of those two regions does 
not reach the interface between the substrate 254 and 
the silicon single crystal thin film 241 so that the two 
regions S and O are spaced from that interface. Over 
a channel region C formed between the two regions, 
there is formed a gate electrode G through a gate 
insulating film 253. Over the surface of the field oxide 
251, moreover, there is formed the transparent pixel 
electrode 243 which is made of ITO or the like. This 
pixel electrode 243 has its one end connecting the 
drain region D electrically through the contact hole 
244b. There is a further formed the scanning line 246. 
which is electrically connected with source region S 
through the contact hole 244b. Finally, the quartz sub- 
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strate 254 is coated irtics entirety with a transparent 
passivation film 252, !n this embodiment, the oixei 
thus -formed can be transparent because the lami- 
nated passivation fiim 252, pixel eiectrode 243, field 
oxide film 251 and quartz substrate 254 are transpa- 
rent. 

Incidentally, in the light valve substrate semi- 
conductor device of the prior-art. the MOSFETs are 
formed in either the siiicon amorphous thin fiim depo- 
sited by the vacuum evaporation or sputtering pro- 
cess or the siiicon oolycrystal thin film ceposited by 
:he chemical vapour deposition process. These -hin 
fiims are so thin that the source and drain regions 
made of the impurity diffused layer extend as far as 
:he interface between the substrate and the :hin fiim. 
as indicated by doited iines. As a result, the so-called 
'backchannef is formed in that interface to raise a 
problem in the inferior breakdown voltage. In the ore- 
sent emocdiment. on the contrary, the polished silicon 
single crystal thin film 241 is laminated on the quartz 
substrate 254 so that its thickness can be freely set. 
As a result, the source region and the drain region 
thus formed can be given a small junction depth by dif- 
fusing the impurity exclusively into the surface portion 
cf the siiicon single crystal thin film 241 having a des- 
ired thickness. 

[Twenty Sixth Embodiment] 

In the embodiment shown in figure 36. there is 
used a high breakdown voltage MOSFET which has 
the so-called "LDO structure". As shown, the sub- 
strate 254 has its surface coated with the P"-type sili- 
con single crystal thin film 241. Here, the P~-type 
means that the impurity concentration is relatively 
iow. This silicon single crystal thin fiim 241 is selec- 
tively oxidised to form the field oxide film 251 around 
the element region. In this element region, the high 
breakdown voltage MOSFET 242 is formed by using 
the LSI fabrication technology. This MOSFET 242 has 
the LDD structure, in whicfi the channel region C is 
arranged at its two ends with an NT-type source region 
S1 of lower impurity concentration and an N~-type 
drain region 01 of lower impurity concentration. An 
N*-type source region S2 of higher impurity concen- 
tration is formed in contact with the source region 31 . 

In contact with the drain region 01. on the other 
hand, there is formed an N*-type drain region D2 of 
higher impurity concentration. Thus, the MOSFET 
242 is constructed of the N-type LDO structure. In the 
LOO structure, the source region S1 and the drain reg- 
ion 01 of lower impurity concentrations are formed at 
the two ends of the channel region C. As a result, the 
hot carriers can be effectively prevented to effectively 
suppress the punch-through phenomena and the 
short-channel effect, which might otherwise cause the 
inferior insulations. As a result, the breakdown wol- 
tage of the MOSFET 242 can be remarkably 



improved. Incidentally, the , ccmoonents left 
untcucned in \he cescriotion of figure 35 are desig- 
nated at the reference numerals identical to those of 
figure 34 and are not especially described. 

5 

[Twenty Seventh Emoodiment| 

Figures 37 and 38 show an example of a high 
breakdown voltage MOSFET having the so-called 

'0 "burting contact structure". Figure 37 is a top plan view 
showing the high breakcown voltage MOSFET 242. 
As shewn, the element region is formed at its lefthand 
with a source region S and at its righthand with a drain 
region 0. In the central portion cf the source region. 

:s there is arranged a gate electrode G through a gate 
insulating fiim. A channel region C just below the gate 
eiectrooe is made of a ?"-type imourity diffused layer. 
On the other hand, the drain region D is made of an 
N"-:ype impurity diffused layer. The source region S 

20 is aisc made of an N*-ty?e impurity diffused layer. In, 
■he present embodiment, however, inside of the 
source region 3. the N"-type impurity diffused layer is 
divided to the right and left by the P"-type impurity dif- 
fused layer. Moreover, the contact hole 244b exposed 

25 in the source region S is arranged to expose both the 
N'-type impurity diffused layer and the P~-type 
impurity diffused layer to the outside. Through that 
contact hoie 244b. the source region S is electrically 
connected with the not shown scanning line 246. As 

20 a result, the N*-type impurity diffused layer and the P~- 
type impurity diffused layer are held at the s^me 
potential. 

In the drain region 0. on the other hand, there is 
opened the contact hold 244a, through which an elec- 
ts trie connection is made with the not shown pixel elec- 
trode. 

Figure 38 is a section showing the transistor of 
figure 37 and taken in the longitudinal direction of the 
channel region C. The same components as those of 

*Q . the transistor shown in figure 35 are designated at the 
common reference numerals. As shown, the source 
region S includes not only the r>T-type impyrity dif- 
fused layer but also the P*-type impurity diffused 
layer. As a result, the P"-type silicon single crystal thin 

J5 film 241 left in the element region and the P"-type 
impurity diffused layer formed inside the source reg- 
ion S are of the identical conduction type and are 
ohmically connected without forming the PN junction. 
As a result, the P"-type silicon single crystal thin film 

50 241 is held at the same potential as that of the source 
region S. Thus, the hot carriers, which might other- 
wise be generated due to the potential fluctuations, 
can be eliminated to effectively suppress the punch- 
hole through phenomena and the short-channel 

55 effect, which might otherwise degrade the insulations. 

Next, a process for fabricating the light valve sub- 
strate semi-conductor device, in which the MOSFETs 
having the various high breakdown voltage structures 
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shown in figure 3T*are integrated. 
[Twenty Eighth Embodiment! 

With reference to figures 39(A) to 39(F), a first 
description is directed to a process for fabricating the 
light valve substrate semi-cond.uctor device which 
contains the anti-backchannel type high breakdown ' 
voltage MOSFET transistor shown in figure 35. At a 
step shown in figure 39(A). a quartz substrate 291 and 
a single crystal silicon semi-conductor substrate 292 
are orepared. This single crystal silicon semi-conduc- 
tor substrate 292 to be preferably used is a silicon 
wafer of high quality used in the LSI fabrication and 
has a crystal azimuth of uniformity within a range of 
<1C0> 0.0 i 1.0 and a single crystal lattice defec: den- 
sity of 500/cm- or less. The surfaces of the quartz sub* 
strate 291 and the silicon wafer 292 thus prepared are 
at first precisely finished to smooth surfaces. Subse- 
quently, the quartz substrate and the silicon wafer are 
thermc-ccmpressively bonded to each other by 
superposing and heating the smooth finished sur- 
faces. As a result of this thermo-coimpressive bond- 
ing treatment, the quartz substrate 291 and the silicon 
wafer 292 are fixedly bonded to each other. 

At a subsequent step shown in figure 39(B). the 
silicon wafer has its surface polished. As a result, the 
quartz* substrate 291 is formed on its surface with a 
silicon single cr/stal thin film 293 which is polished to 
a desired thickness (eg; several microns). In order to 
thin the silicon wafer, the polishing treatment may be 
replaced by the etching treatment. Since the silicon 
single crystal thin film 293 thus obtained retains the 
quality of the silicon wafer substantially as it is. it is 
possible to provide a semi-conductor substrate ma- 
terial which is remarkably excellent in the uniformity of 
the crystal azimuth and in the lattice defect density. 

in the prior art, there are known a variety of semi- 
conductor device substrates which has a laminated 
structure composed of an_ electrically insulating car- 
rier layerand a silicon single crystal thin film, as is cal- 
led the K SOt substrate". This SOI substrate is 
fabricated by depositing a silicon polycrystal thin film 
on the surface of a carrier substrate made of an 
insulating material, for example, by the chemical 
vapour deposition process and subsequently by 
accomplishing a heat treatment with irradiation of a 
laser beam or the like to re-crystallise the polycrystal 
thin film into a single crystal structure. Generally 
speaking, however, the single crystal thus obtained 
by re-crystallising the polycrystal does not always 
have a uniform crystal azimuth but has a large lattice 
defect density. For these reasons, it is difficult to apply 
the LSI fabrication technology like the single crystal 
silicon wafer of high quality to the SOI substrate fab- 
ricated by the process of the prior art. 
' . At a subsequent step shown in figure 39(C), the 
silicon single crystal thin film 293 is thermally oxidised 



in a seiec:ive manner. This thermal oxidation ;s 
accomplished through a mask covering only the ele- 
ment region to oe formed with the MCSFET, to "form 
a field oxide film 294 in a manner to surround the eie- 
5 ment region. This field oxide film 294 is obtained by 
thermally oxidising the silicon single cr/stal thin film 
293 completely to the total thickness and is optically 
transparent to form an ideal element separation reg- 
ion. 

w At a subsequent step shown in figure 39(D). the 

■ surface of the silicon single crystal thin fiim 293 left 
oniy in the element region is subjected again to the 
thermally oxidation. As a result, a remarkably thin 
gate insulating fiim 295 is formed on the surface of the 

?5 siiicon single crystal thin film. Moreover, the silicon 
polycrystal thin fiim is deoosited on the substrate sur- 
face by using the chemical vapour deposition, for 
exampie. This polycrystal thin film is etched through 
a mask having a desired partem to form a gate elec- 

2Q trode 295. Simultaneously with this, a scanning ling- 
contacting with the gate electrode 296 is also formed, 
although not shown. 

At a step shown in figure 39(E). moreover, an 
impurity is introduced. For exampie, an ion implan- 

25 tation process is used to dope the siiicon single crystal 
thin fiim 293 with an ionised impurity through the gats 
insulating fiim 295 by using the gate electrode 296 as 
a mask. At this time, the diffusion depth of the impurity 
layer can be restricted to the surface portion of the sili- 

30 con single crystal thin film 293 by adjusting the accel- 
eration energy of the impurity ions suitably and by 
controlling the implantation time period. As a result, 
there are formed a source region 297 and a drain reg- 
ion 298 having a relatively small junction depth, as 

35 shown. The silicon single crystal thin film 293 has its 
lower layer ponton left unimplanted with the ions so 
that the source region 297 and the drain region 298 
do not extend to the interface between the substrate 
291 and the silicon single crystal thin film 293. As a 

*o result, it is possible to effectively prevent the 
backchannel which might otherwise cause the inferior 
insulation. 

At a final step shown in figure 39(F), a pixel elec- 
trode 299 is laminated on the surface of the field oxide 

j5 film 294. The pixel electrode 299 has its one end elec- 
trically connected with the drain region 298 through a 
contact hole 300a formed in a portion of the gate 
insulating film 295. There is also formed a signal line 
301, which is electrically connected with the source 

50 region 297 through a contact hole 300b. Finally, the 
substrate has its surface coated in its entirety with a 
transparent passivation film 302 made of the PSG or 
the like. 
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sem.-ccr.cuctcr navies. ; n wnicn - he am-oackcnannei 
type MOSFET transistors are integrated, in this 
err.oociment. the :cn -mptancation process used in the 
foregoing emocdimencs is replaced by an impurity 
adscroticn ciffusicn process. According ; 0 this pro- 
cess, a source region and a Grain region made of a 
remarkaciy trim impurity diffusion layer can be formed 
to promote tne miniaturisation better. A: a steo shown 
in figure -0(A). there Is prepared a semi-fabricated 
prccuct wnicn has an eiement region enclosed by the 
field oxtce film 29a. This semi-fabricated prccuct" is 
scenticai :o that faencatec by the steps shown in fig- 
ures 29(A) -:c 39(D). Thus, the identical components 
are oestcnatec at ;ne common reference numerals. 
: he element region is rormec cf tne silicon single 
crystai thin :;irr. 293. whic." is overlaid by :he gate elec- 
trode 296 tnrcugn the gate insulating riim 295. 

At a suosecueru sees snown in figure ±Ci3), the 
gate e:ec::cde 295 is usee as a mask to remove the 
gate insulating rlim 295 thereby to expose -he surface 
of the silicon single crystal thin riim 2S3 to the outside. 
In this state, however, the silicon single crystal thin 
riim 292 may ocss.biy have its surface sail coated with 
an natural oxide layer having a thickness of about 30 
A cr !ess. !n crcer to remove this natural oxide layer. ■ 
:he suostrate is heateo at a temperature of aocu; 
350°C or more in an atmosphere having a degree cf 
vacuum of 1C- Pa or less. After stabilisation^ the 
atmosohere for several minutes, hydrogen gases of 
aocut 1C- 2 Pa are introduced. 3y the action of this 
hydrogen, the natural oxide film left on the surface of 
the silicon single crystal thin film is removed to clean 
the- surface. As a result, the activated silicon atoms 
come out to the surface. 

At a step shown in figure 40(C). an imourity 
adsorption layer 303 is formed over the surface of the 
silicon single crystal thin film 293 activated. This 
impurity adsorption layer acts to feed the activated 
surface with the gageS. chaining an impurity compo- 
nent while keeping the substrate at a high tempera- 
ture, for example. The adsorbed gases are thermally 
decomposed to deposit the impurity adsorption layer 
303 on the activated surface. In case a P-type imourity 
adsorption iayer is to be formed, for example, 
diborane gases containing P-type impure boron are 
used. In case an N-ty pe impurity adsorption layer is to 
be formed, for example, arsine gases containing 
arsenic are used. 

At a step snown in figure 40(D). a solid phase dif- 
fusion is accomplished by using the impurity diffusion 
layer 303 as a diffusion source to form the source reg- 
ion 297 and the drain region 298 in the surface portion 
of the silicon single crystal thin film 293. The diffusion 
depth and concentration of the impurity diffused layer 
forming the source region 297 and the drain region 
298 can be freely set by suitably adjusting either the 
thickness of the impurity adsorption layer 303 depo- 
sited as the diffusion source or the solid phase diffu- 
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ston treating :emcerature. For examo.e. cn e diffusion 

ceptn can ce limitec to several hundreas A from 'he 

surface. . he value of this diffusion decth can oe'- 

smaller than the numerical value obtaineo • 

u ~ / vr, e ion 

implantation to rcrm extremely thin soum* rani™ 
aram region. As a result, the anti-backchannel struc- 
iure can oe easiiy realised to promote the miniaturis- 
ation of the ViOSFETs more in accordance with the 
ratio of reouc:ion of the diffusion depth. 

. At a final step snewn in figure *iC(E). the cixei 
electroce 299 anc the signal line 3C1 are formed by 
tne patterning treatment. Since, in the present embo- 
diment, the source region 297 ar.o the dram region 
298 have :neir surfaces unccated with the gate 
insulating :iim 295. =t Is possible to estaoiish s direct 
electric conouction by the faca-tc-face contact. After 
these steps, the sucstrate is coated aii over its surface 
with tne transparent passivation riim 302. 

[Thirtieth Embodiment) 

Next. A-ith reference to figures 4 1(A) io 41(E;, 
here will oe cescribec in detail a process for fabricat- 
ing a !ignt valve substrate semi-conductor device, in 
which tr.e high breakdown voltage V.CSFET transis- 
tors having r.e LDD structure are integrated. At a step 
shown in figure 41 (A;, the shown semi-fabricatec pro- 
duct is precared. This semi-fabneated product is 
obtained by a process similar to ihat composed of the 
aforementioned steps shown in figures 39JA) to 
39(D). In this semi-fabricated product, a substrate 3 1 1 
has its surface formed with a field oxide film 3*2 
enclosing the element region.- This element region is 
made of a silicon single crystal thin film 313. This sili- 
con single crystal thin film 31 3 is obtained by polishing 
a silicon wafer. The silicon single crystal thin Him 313 
is overlaid by a gate electrode 315 through a gate 
insulating film 314. Incidentally, the silicon single 
crystal thin film 313 used in the present embodiment 
is of the P*-type. 

At a steo shown in figure 41(3). the ion implan- 
tation of an N-type impurity is accomplished. Soecifi- 
cally, the gate electrode .315 is used as a mask to 
implant an N-type impurity of relatively low acceler- 
ation energy through the gate insulating film 314 for 
a relatively short time period. As a result, the P'-type 
silicon single crystal thin film 313 is formed over its 
surface with remarkably shallow N'-type source reg- 
ion 316 and NT-type drain region 317. 

At a step shown in figure 41(C). for example, the 
chemical vapour deposition is used to deposit a sili- 
con dioxide film all over the surface. The film thick- 
ness is preferably as equal as that of the gate 
electrode 3-15. Subsequently, anisotropic etching is 
performed to remove the deposited s.licon dioxide 
film. Because of the anisotropic etching, a side wall 
318 of etching residues is formed around the gate 
electrode 315. This side wall 318 is formed to cover 
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the ieacinc end portions of the N'-tyoe source recion 
3 ".5 and drain region 31.7 formed in advance. 

At a step shown in figure 41(0). an icn implan- 
tation of an N-type impurity. This ion imcianation is 
acccmctished for a longer time period and with a 
higher acceleration energy than these of the previous 
•on imoiantation. The gate electrode 315 and the sice 
wail 3*3 formed around the former are used as masks 
to effect :he ion implantation through the gate insulat- 
ing film 314 thereby to form an N"-type source region 

319 and an NT-type drain region 320. As shown, the 
NT-type source region 313 and the N"-type drain reg- 
ion 317 are ieft just beiow the side wall 313 so that the 
sc-caiied "LDC structure" is formed. This LDO siruc- 
--fe car. prevent generation of hot electrons to erfec- 
tiveiy suo press the punch- through phenomena a no 
the sncrc-cnannel effect, which might otherwise cause 
•he inferior insulation, because the source region and 
drain region of lower impurity concentrations are pre- 
sent at the two ends of the channel region. 

At a final step shown in figure 41(E). a pixel eiec- 
troce 321 is formed. This pixel electrode 321 has its. 
one end electrically connected with the drain reoion 

320 through a contact hole opened in the gate insulat- 
ing fiim 314. There is further formed a signal line 322. 
whicn is electrically connected with the source region 
319 through another contact hole. 

After these steps, the substrate is coated all over 
its surface with a passivation film 323. 

[Thirty First Embodiment] 

Finally, with reference to figures 42(A) to 42(F). 
here will be described in detail a process for fabricat- 
ing a light valve substrate semi-conductor device, in 
which high breakdown voltage MOSFET transistors 
having the so-called "butting contact structure" are 
integrated. At first, a semi-fabricated product is prep- 
ared at a step shown- in figure- 4.2(A). This semi-fabri- 
cated product is preparedly a process having steps 
similar to those shown in figures 39(A) to 39(C). 
Specifically, as shown, a substrate 331 is formed over 
its surface with an element region which is surroun- 
ded by a field oxide film 332. This element region is 
formed of a P"-type silicon single crystal thin film 333. 
This single crystal thin film 333 is formed by the adher- 
ing and polishing processes. Figure 42(8) is a top plan 
view showing the semi-fabricated produce shown in 
figure 42(A). There is opened the rectangular element 
region which is surrounded by the field oxide film 332. 

At a subsequent step shown in figure 42(C), a 
gate electrode 334 is formed in the widthwise direc- 
tion at the central portion of the element region. 
Although not shown, a gate insulating film is inter- 
posed between the gate electrode 334 and the silicon 
single crystal thin film 333 exposed to the element 
region. 

At a step shown in figure 42(0). a selective ion 



; mpisntaticn : s acccmciisred by . JS ing 3 ?. iV ce 
imourity. This ion imDiantation is selectively carried 
out oniy at the wiatnwise cnetre oortion at the lefthand 
side of the element region to form a Retype impurity 

5 diffused layer 335. This P~-type impurity diffused layer 
335 is in electric contact with the P'-iype silicon single 
crystal thin fiim in the element region. As a result, the 
?"-type. silicon single crystal thin fiim can nave its 
potential fixed through the ?*-type impurity diffused 

■ 0 layer 335. 

* At a step shown in figure 42(E). a selective ion 
impfantaticn is carriec cut. by using an N-tyoe 
impurity. This ion implantation is accomplished while 
avoiding the P T -type impurity diffused layer 335. As a 

•5 result, an .NT-type impurity diffused layer 336 is formed 
at the lefthand portion of the element region which is 
divided in the longitudinal cirection by the cate elec- 
trode 334. This N'-tyoe imcuricy diffused layer 336 
forms a source region. An NT-type impurity diffuses 

20 layer 337 is also formed at the righthand side of the . 
element region. This diffusion layer 337 forms the 
drain region. The source region and the drain region 
have their surfaces coated with the gate insulating 
film, although not shewn. 

?5 At a final step shown in figure 42(F). the cate 

insulating film existing on the surface of the source 
region is partially opened to form a contact hole 333. 
This contact hole 338 is formed to cross the N'-tyoe 
impurity diffused .layer 336 and the Retype impurity 

:o . diffused layer 335. Through this contact hole 338, the 
source region is electrically connected with thi not 
shown signal line, thus constituting the so-called "but- 
ting contact". In other words, the P*-type silicon singie 
crystal thin film can be held and fixed at the voltage 

35 level which is fed to the signal line through the P'-type 
impurity diffused layer 335. On the other hand, the 
gate insulating film existing over the surface the drain 
region is also opened to form a contact hole 339. 
Through this contact hole 339. the not shown pixel 

-o electrode is electrically connected with the drain reg- 
ion. The section of the semi-conductordevice of figure 
42(F) taken in the longitudinal direction of the element 
region is present in figure 38. 

According to the present embodiments (in 

^5 plurality), as has been described hereinbefore, the 
light valve substrate semi-conductor device is fabri- 
cated by integrating the pixel electrode group and the 
switch element group by the LSI fabrication technol- 
ogy in the silicon single crystal thin film of high quality 

so formed over the insulating substrate. As a result, there 
can be attained an effect that it is possible to provide 
a light valve substrate semi-conductor device having 
a remarkably high pixel density. Another effect is that 
the chip size of the semi-conductordevice according 

55 to the present invention can be made as small as that 
of the ordinary LSI chip. 

Since the silicon single crystal thin film is used, 
the LSI fabrication technology can be directly applied 
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to estaciisn another effect 'he miniaturisation of ;he 
swiccn aiemencs can be funher promoted. Since" 
moreover. :he switch elements are made of the insu- 
lated gate fieid effect transistors having ;he high 
breakdown voltage structure, there can be attained 5 
such an erfect featuring the present invention that a 
lign: vaive substrate semi-conductor device which is 
remarkably excellent in reliability and reluctant in the 
dielectric breakdown. Thanks :o the adoption of this 
hign breakdown voltage structure, the miniaturisation ;o 
cf the switch elements can be further promotes. 

[Thirty Second Embodiment] 

r : gure ^3 is a schematic sec;icn showing another is 
typical embodiment of the Sight vaive sucstrate sinale 
crystal :hin rum semi-conductor device accoraing'to 
the present invention, in order :o facilitate the under- 
standing, only one pixel oenion j s extracted. As 
shown. ;he present semi-conductor device uses a 20 
composite sucstrate 341. This composite substrate 
34-, has a two-iayered structure which is composed of 
an electrically insulating Tansparent carrier such as a 
cuanz giass plate 3^2 and a semi-conductor single 
cry stal thin film such as a silicon single crystal thin fiim 25 
3*3 formed over the quare: plate 342. The Silicon 
single crystal thin film 342 is obtained by thermo-com- 
pressively bonding a silicon wafer of high quality to 
the quarrz plate 342 and subsequently by polishing 
and thinning it. In this embodiment, the silicon single 30 
crystal thin fiim 3^3 has its portion selective subjected 
to a thermal oxidation to form a field oxide film 344. 
This field oxide film 344 is transparent because the 
optically opaque silicon single crystal thin film 343 is 
converted throughout its thickness into optically trans- 35 
parent silicon dioxide. The portion surrounded by the 
field oxide fiim 344 is formed with an element region 
of the siiicon single crystal thin film 343 left unconver- 
ted. In this element regioq^ ihere is integrally formed ' 
a switch element 345' which is made of an insulated to 
gate field effect transistor. This transistor switch ele- 
ment 345 is composed of: a source region 346 and a 
drain region 347 made of a pair of impurity diffused 
regions formed over the surface portions of the silicon 
single crystal thin film 343; and a gate electrode 349 45 
having a predetermined shape and laminated through 
a gate insulating film 348. There is further formed a 
wiring metal pattern 351. This metal pattern 351 is 
electrically connected with the source region 346 
through a contact hole formed in an inter-layer insulat- 50 
ing film 350 and is partically extended to cover the 
gate electrode 349 so that it also acts as a light shield 
film for an incident light. 

Over the field oxide film, on the other hand, there 
is formed a pixel electrode 352 which is made of a se- ss 
mi-conductor thin film such as a siiicon polycrystal thin 
film. The silicon polycrystal is intrinscially optically 
opaque but is enabled to transmit an incident light 
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suostantially tnerethrcugh Dy naving its thickness ext- 
remely reouced. The s;iiccn polycrystal thin Him can 
be depositee, while having its thickness controlled, bv 
the chemical vapour deposition process. Moreover 
the siiicon polycrystal can be patterned highly pre- 
cisely by the photo-lithography and the anisotropic 
etching process to form the pixel 'electrode 352 Since 
the silicon polycrystal thin film has a sufficient heat 
resistance, it is freed from being degraded, while it is 
being subjected to the semi-conductor process or the 
IC process. 

As a result, the order of 'he process for forming 
the pixei electrode 352 is not restricted in :he least but 
can set :he process flow suitably efficiently. 

In the present emoocimen;. the pixei electrode 
352 is electrically connected with the drain region 347 
cf the switch element 3<i5 through the bird's beck, ie: 
:he slopped end portion 344a C f ;he field oxide fiim 
344. According r 0 this structure. :t is oossible to effec- 
tively prevent 2 defect such as the step cut which has" 
seen relatively frequently causae at the step portion 
in the prior art. 

(Thirty Third Embodiment] 

Figure 44 is a schematic too plan view showino 
another embodiment of the structure of the pixei a\ec- 
trode. As showm, the pixel electrode 352 has a two- 
iayered structure which is composed of: a silicon 
polycrystal thin film 352a having an aperture 3§2b 
patterned into a predetermined shape; and a trans- 
parent conductive thin film 352c such as an ITO thin 
fiim patterned into a pre-determined shape to cover 
the apertcre 352b. In this embodiment, the pixel elec- 
trode 352 has its outer periphery defined by the silicon 
polycrystal thin film 352a. The siiicon polycrystal thin 
film 352a can be patterned highly precisely and finely 
by the photo-lithography and the anisotropic ion etch- 
ing process. Since, however, the silicon polycrystal 
material is intrinsically optically opaque, it will absorb 
a portion of an incident light even if it is thinned. In 
order to solve this problem, the silicon polycrystal thin 
film 352a is formed therein with the aperture 352b for 
transmitting the incident light. This aperture is coated 
with the transparent ITO film 352c so that it may be an 
effective electrode face. This ITO film 352c may have 
its outer periphery patterned in such a precision as 
can cover the aperture 352b. Thanks to the two-laye- 
red structure of the pixel electrode 352, it is possible 
to. achieve the miniature like treatment and the high 
transparency at the same time. Since, moreover, the 
ITO film 352c may be formed after the end of the se- 
mi-conductor process including the patterning of the 
silicon polycrystal thin film 352a. its formation will not 
affect the semi-conductor process adversely. 

Figure 45 is a schematic section showing the 
structure of the light valve.substrate single crystal thin 
film semi-conductor device having the pixel electrode 
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structure shown in figure 44. Figure 45 is a section 
taken along line A - A of figure 44 ana shewing only 
one pixel portion so as to facilitate the understanding. 
The components identical to those of the emcodiment 
shown in figure 43 are designated at the commcn 5 
reference numerals, and their descriptions wiil be 
omitted. As is apparent from figure 45. the acerture 
352b does not have the silicon polycrystal thin film 
352a but is partially filled up with the ITO film 352c. As 
a result, it is possible to improve the average transpa- to 
rency of the pixel electrode 352 ferine incident light. 

[Thirty Fourth Embodiment] 

Figure 46 is a schematic section showing still is 
another embodiment of the light valve substrate 
single crystal thin film semi-conductor device accord- 
ing to the present invention, in order to facilitate the 
understanding, cniy one pixel portion is extracted and 
shown, and the description of the components identi- 20 
cal to those of the embodiment shown in figure 43 wiil 
be omitted by designating the components at the com- 
mon reference numerals. What is different from the 
embodiment shown in figure 43 resides in that the 
pixel electrode 352 is composed of: a transparent con- 25 
ductive thin film 352d such as an ITO thin film for defi- 
ning the effective area of the pixel; and a silicon 
polycrystal thin film terminal 352e for connecting the 
transparent conductive thin film 352d and the drain 
region 347 of the corresponding switch element 345 30 
electrically. The semi-conductor device having such 
structure is constructed by forming the drain region 
347, by subsequently forming the silicon polycrystal 
thin film terminal 352e patterned into the predeter- 
mined shape, and by depositing the metal pattern 35 1 35 
of aluminum or the like thereon through the inter-layer 
insulating film 350. 

A series of steps thus far described are accom- 
plished by the semiconductor process. The silicon 
polycrystal thin film'te"rminaL352e is excellent in adhe- jo 
sivenessand islrranged along the sloped end portion 
344a of the field oxide film 244 so that it is freed from . 
any fear of step cut Moreover, the metal pattern 351 
formed at the final step of the semi-conductor process 
can cover the switch element <345 completely so that 45 
it can retain an ideal light shielding function. 

At the stage of ending the semi-conductor pro- 
cess completely, the ITO thin film 352d is formed over 
the field oxide film 344. Then, the ITO thin film 352d 
has its portion overlapped in the exposed portion of so 
the silicon polycrystal thin film terminal 352e. Since 
the ITO thin film 352d is deposited on the substantially 
fiat field oxide film 244, it can be freed from any fear 
of the step cut so that it can be sufficiently thinned. If 
the ITO thin film 352d has a thickness of 200 A or less, 55 
for example, the pixel electrode can be patterned in a 
precision of micron order. Generally speaking, the 
etching process of the ITO thin film is of the wet type. 
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The patterning precision is deteriorated the worse by 
the influences of the side etching as the ITO chin film 
has the larger thickness. 

If the pixel electrode is formed of the ITO thin film 
only as in the prior art its heat resistance is so low that 
the metal partem or the like cannot be formed in an 
overlapped manner by the semi-conductor process 
In the structure of the prior art, the facial contact oor- 
tion between the ITO thin film and the drain region 347 
cannot be covered with the light shielding film made 
of a metal pattern so that a complete light shielding 
effect cannot be attained. 

(Thirty Fifth Embodiment! 

Figure 47 is a schematic section showing a 
further embodiment of the pixei electrode structure. 
For simplicity, only a portion of the pixel electrode is 
extracted and shewn. As shown, the pixei eiectrode 
352 is formed of a linear pattern 352f of the siiicon" 
pGlycrystal which is formed into a side wall shape. 

This linear pattern 352f is formed on the sizes of 
the linear ridges which are obtained by aniso tropically 
etching the field oxide film 344 formed over the guard: 
plate 342. This side wall structure is attained by 
depositing the silicon polycrystal thin film all over the 
corrugated surface of the field oxide, film 344 an d by 
anisotropically etching the whole surface with ions. 
Specifically, if the anisotropic ion etching is stopped 
at the state when the ridge surfaces of the field oxide 
film 344 are exposed, the etching residues are left* on 
the side walls of the linear ridges to provide the side 
wall structure. Although not shown, the linear patterns 
of the silicon polycrystal are commonly connected 
with each other and electrically connected with the 
drain regions of the switch elements. With this struc- 
ture, in the region of the pixel electrode 352. there are 
left many portions which are not covered with the opti- 
cally opaque silicon polycrystal, so that the transpa- 
rency of the whole pixel electrode is improved. 
Moreover, a remarkably miniature pixel electrode can 
be formed because the linear pattern 352f of the sili- 
con polycrystal formed in the side wall shape can be 
made as small as 0.2 urn. 

[Thirty Sixth Embodiment] 

Next, with reference to figures 48(A) to 48(F). 
here will be described in detail a process for fabricat- 
ing the light valve substrate single crystal thin film se- 
mi-conductor device shown in figure 43. At a first step 
shown in figure 48(A), there are prepared a quartz 
plate 361 and a single crystal silicon plate 362. The 
single crystal silicon plate 362 to be used may prefer- 
ably be a silicon wafer of high quality used for the LSI 
fabrication and has a crystal azimuth of uniformity 
within a range of <100> 0,0 t 1.0 and a single crystal 
lattice defect density of SOO/cm* or less. At first, the 



45 



EP 0 474 474 A2 



^6 



:uartz plate 361 ana the single crystal silicon olate 

362 .have their respective surface and back precisely 
finished ana smoothed. Subsequently, these .two 
faces thus smoothly finished are heated so that the 

two substrates are ihermo-compressively bonded. s 
Thanks to this thermo-compressive bonding, the two 
substrates 361 and 362 are fixedly bonded. 

At a subseGuent step shown in figure 48(3), the 
single crystal silicon plate or the silicon wafer has its 
surface polished. As a result, the quartz piste 361 has w 
its surface formed with a silicon single cpystai thin film 

363 which has been poiished'to a desired thickness. 
Thus, there is obtained a composite substrate which 
-.as a two-layered structure comoosed of the quartz 
plate 361 ana -he Silicon single co/stai thin film 363. ?s 
Incidentally, the silicon wafer 362 may be thinned by 

the etching treatment in place of the poiisning treat- 
ment. Since the silicon single cn/stai thin film 363 thus 
obtained retains -he Quality of the silicon wafer 362 
substantially as it is. it is possible to obtain a semi- 20 
conductor device material which is remarkably excel- 
lent in the uniformity cf the crystal azimuth and the 
lattice defect density. 

At a subsequent s:ep shown in figure 48(C), the 
selective thermal oxidation cf the silicon single crystal 25 
thin film 363 is accomplished to form a fieid oxide film 
364. Since this selective thermal oxidation is effected 
throughout the thickness of the silicon singie crystal 
thin film 363, the field oxide film 364 thus obtained is 
optically transoarent. The silicon single crystal thin 30 
fiim 363 thus left in the portion surrounded by the field 
oxide fiim 364 forms the element region. 

At a subsequent step shown in figure 48(D), the 
silicon single crystal thin film 3.63 existing in the ele- 
ment region has its surface thermally oxidised to form 35 
a remarkably thin and dense gate insulating film 365. 
Subsequently, a silicon polycrystal film is deposited 
all over the substrate by the chemical vapour deposi- 
tion process or the like_*an<tthe photo-lithography and 
the etching process are then- accomplished to form a io 
gate electrode 363 having a pre-determined shape. 

At a subsequent step shown in figure 48(E). an 
impurity such as arsenic is introduced to form a pair 
of impurity regions in the surface of the silicon single 
crystal thin fiim 363. For example, the gate electrode 45 
366 is used as a mask through the gate insulating film 
365 to introduce the impurity ions hereby to form a 
source region 367 and a drain region 368. As a result, 
a transistor channel forming region is formed between 
those two regions and below the gate electrode 366. 50 
and. a switch element 369 made of an insulated gate 
field effect transistor is formed in the element region. 
After this, a silicon oxide fiim is deposited by the 
chemical vapour deposition process to form an inter- 
layer insulating film 370. 55 

At a final step shown in figure 48(F), trie gate 
insulating film 365 is removed from the upper face of 
the drain region. 368 to expose a portion of the drain 
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region 363 to the outsiae. and a contact nole is • 
opened in the '-nter-iayer insulating fiim 370 to expose 
a portion of the surface of the source region 367 to the 
outside. In this state, the silicon polycr/stal film is 
depositee all over the surface by the chemical vap 0vjr 
deposition process. Subsequently, the deposited sili- 
con polycrystal thin fiim is patterned by the photo-li- 
thgraphy and the etching process io form a pixel 
electrode 371 and a wiring pattern 372 simul- 
taneously. Alternatively, the pixel electrode 371 may 
be made of the s;iiccn polycrystal thin film, whereas 
the wiring pattern 372 may be formed by depositing 
another material such as aluminum by the vacuum 
evaporation and subsequently by patterning it. 

As is apparent from the description thus far made, 
the light valve substrate single crystal thin fiim semi- 
conductor device can be fabricated by the semi-con- 
ductor process which .s completely consistent to the 
final step. Especially, the switch elements are inte- 
grated in -he silicon singie crystal thin film, and the 
pixel electrodes are formed of the polycrystal silicon 
film, so that the miniature and highly precise switch 
element group and the pixel electrode can be simul- 
taneously formed by making direct use of the LSI fab- 
rication technology. 

in case the silicon poiycrystal thin fiim is used as 
the pixel eiectrode, its thickness has to be so reduced 
as to exhibit a substantially transparent state so triat 
a transparent type light valve device may be construc- 
ted. On the other hand, the resistance of the pixel 
electrode has to be so minimised as to prevent any 
drop of the voltage applied. For this necessity, the sili- 
con poiycrystal film constituting the pixel electrode is 
doped in high concentration with an impurity. The pro- 
cess called the "molecular layer doping" is effective 
for implanting the extremely thin silicon polycrystal 
thin film in the high concentration with the impurity. 

[Thirty Seventh Embodiment] 

With reference to figures 49(A) to 49(C), the 
molecular layer. doping process will be briefly des- 
cribed in the following. At a first step shown in figure 
49(A), there is prepared the semi-conductor device 
shown in figure 48(F). Figure 49(A) shows a portion 
of figure 48(F), namely, only the laminated structure 
of the pixel electrode 371 which is composed of the 
quartz plate 361. the field oxide film 364 and the sili- 
con polycrystal thin film. This pixel electrode 371 is 
subjected to the aforementioned molecular layer dop- 
ing treatment. For this molecular layer doping, the sili- 
con polycrystal thin film constituting the pixel 
electrode 371 at first has its surface cleaned. The se- 
mi-conductor device is set in the central portion of a 
vacuum chamber having a background pressure of 1 
x 10-* Pa or less. The substrate temperature is held 
at 850°C, for example, and hydrogen gases are intro- 
duced for a constant time period. The amount of these 
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hydrogen gases -to be introduced is so set that the 
pressure in the chamber may be at 1 .3 x 1CH P3, ;cr 
example. As a result the natural oxide fiim covering 
the surface of the pixel electrode 371 is removed to 
exoose the chemically active silicon poiycrystal sur- 
face to the outside. 

At a subsequent steo shown in figure 49(B), the 
impurity, eg: boron acsorptive (ayer 372 is formed 
over the surface of the activated pixel electrode 371. 
Specifically, after completion of cleaning the pixel 
electrode surface, the introduction of the hydrogen 
gases is interrupted, and the substrate temperature is 
set to 325°C, for example. After this set temperature 
has been reached and stabilised, the pixel electrode 

371 has its surface fed for a constant time period with 
diborane or cnemical gases containing boron. The 
amount of diborane to be fed is so set that the internal 
pressure of the chamber may be at 1.3 x 10~ 2 Pa. As 
a result, the diborane gases are decomposed on the 
surface of the activated pixel electrode 371 so that the 
decomposed product or boron is chemically adscrbed 
by the surface of the pixel electrode. As a result, the 
boron adsorbed layer 372 is formed. 

At a last step shown in figure 49(C), a solid phase 
diffusion is effected by using the boron adsorbed layer 

372 as a diffusion source so that the impurity boron is 
introduced into the poiycrystal silicon thin film con- 
stituting the pixel electrode 371. After the boron 
adscrbed layer 372 has been formed, the introduction 
of the diborane gases is interrupted to anneal the sub- 
strate in the vacuum. As a result. 'the impurity boron 
is activated simultaneously with the soiid phase diffu- 
sion using the boron adsorbed layer 372 as the diffu- 
sion source. The electric resistivity of the pixel 
electrode 371 is controlled depending upon the deg- 
rees of the diffusion and activation of the impurity. In 
this process, a silicon poiycrystal thin film having a 
desired impurity concentration can be formed by 
adjusting the amount of hemadsorption of boron and 
the annealing condition's such as the temperature or 
the time period. 

In the embodiments, thus far described, the dop- 
ing gases used for doping the silicon poiycrystal thin 
film with the P-type impurity are exemplified by 
diborane gases. The doping gases should not be 
limited thereto but can naturally be effectively rep- 
laced by chemical gases of III group elements, as rep- 
resented by trimethyl gallium or boron trichloride. 
Moreover, the N-type doping gases used for the sili- 
con poiycrystal thin film can be exemplified by arsine, 
phosphor trichloride, antimony tetrachloride or phos- 
phine. By using the molecular layer doping technol- 
ogy, the pixel electrode made of an extremely thin 
silicon poiycrystal thin film can be doped with an 
impurity in an extremely high concentration so that its 
resistivity can be sufficiently dropped. 



fThirry Eighth Embodiment] 

Finally, with reference :c figures 50(A) to 50(D), 
a process for fabricating a pixel electrode made of a 

5 silicified poiycrystal silicon thin film will be described 
in che following. A silicide or a chemical compound of 
the so-called "refractory metal" and silicon is suited 
for a material of the pixel electrode because it has a 
higher transparency than that of silicon. Since a high 

•0 -smoerature process can be applied, moreover, the 
silicide is co-crdinatec with the LSI fabrication 
technology. At a first step shown in figure 50(A), there 
is prepared a composite substrate which is formed 
with a pixel electrode made of a pciycrystal silicon thin 

:5 Him. As shown, this composite substrate is construc- 
ted by superposing the fieid oxide fiim 36<i #0 n the 
ouarn plate 361 and by further superposing the pixel 
electrode 371 of poiycrystal silicon. In other words, 
the structure shown in figure 50(A) shows one portion 

20 extracted from the structure shown in figure' 43(F), 
Preferably, the active fiim or the natural oxide film is 
removed from the surface of the pixel electrode 371, 
At 3 subseauent step shown in figure 50(B), the 
vacuum evaporation process or the sputtering pro- 
, 25 cess is used to deposit a refractor/ metal fiim 373 on 
the surface of the pixel electrode 371 made of poiyc- 
rystal silicon. The material for the refractory metal can 
be selected from chromium, aluminum, molybdenum, 
titanium or tungsten. 

30 At a subsequent step shown in figure 50(C), the 

substrate is subjected in its entirety to a hot heat ireai- 
ment to cause a reaction between the refractory metal 
and the silicon thereby to produce their silicide. In 
other words, the metal contained in the metal film 373 

35 is thermally diffused into the poiycrystal silicon film so 
that a chemical reaction is caused to change the 
poiycrystal silicon into the silicide. 

At a final step shown in figure 50(D), the metal film 
373 left is removed by the sputtering or the like to exo- 

io ose the pixel electrode 371 of the silicide to the out- 
side. As a result, the pixel electrode 371 has its 
transparency and electric conductivity improved. 
Since the silicide composing the pixel electrode 371 
is extremely excellent in its heat resistance, its 

■*5 characteristics will not be changed even if the compo- 
site substrate should be subjected thereafter to the 
semi-conductor process. 

As has been described hereinbefore, according 
to the present embodiments (in plurality), the switch 

so element group and the peripheral circuit are inte- 
grated by the semi-conductor miniature like technol- 
ogy or the LSI fabrication technology in the 
semi-conductor single crystal thin film of high quality 
formed over the insulating substrate. As a result, there 

55 can be attained an effect that it is possible to provide 
a remarkably miniaturised highy dense light valve 
substrate semi-conductor device integrated circuit 
chip. Since, moreover, the pixel electrode group is 
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mace of a semi-conductor polycrystal thin fiim. the se- 
miconductor process can be applied like the switch 
element group, thus raising an effect that it ;s oossible 
to form a remarkably miniaturised and hignly fine 
pixel. Since the switch element grouo is formed of the s 
semi-conductor single crystal thin fiim whereas the 
pixel electrode group is formec of the semi-conductor 
polycrystal thin film the semi-concuctcr process can 
be acclied consistently uo to :he final step, thus rais- 
ing an effect that -he throughput can be remarkably to 
improved. In addition, the semi-concuctor polycrystal 
thin fiim constituting the pixel electrode is excellent in 
adhesive properties and can be deposited on the Held 
oxide fiim for eiement separations. Thus, another 
effect :hat none of -he wiring cefect such as the step is 
cut is caused even if the substrate surface becomes 
seriously rough as -he elements are miniaturised. 

fThircy Ninth Embccimentj 

70 

Figure 51 is a schematic section showing a por- 
tion of the fight valve substrate single crystal thin fiim 
semi-conductor device according to the present 
invention and shews- the assembled state of the light 
valve device. For simplicity, one pixel portion is cut 25 
away ana shown. As shown, this semi-conductor 
device uses a composite substrate having the two- 
layered structure, which is composed of: an electri- 
cally insulating substrate 381; and a semi-conductor 
singie crystal thin fiim 382 armged over the substrate 30 
surface. The substrate 331 is made of quartz, for 
example, and the semi-conductor single crystal thin 
film 332 is mace of a silicon single crystal, for 
example. The semi-conductor single crystal thin film 
382 is so selectively thermally oxidised that it is par- 35 
tially converted into a field oxide film 333. The portion 
of the semi-conductor single crystal film 382. which is 
left without being selectively thermally oxidised, forms 
an element region 384:, jhe field oxide Him 383 is 
arranged thereover with pixel electrodes 385 for defi- so 
ning the individual pixels. This pixel electrode is 
obtained by patterning a silicon polycrystal thin film, 
for example, into a pre-determined shape. In the ele- 
ment region 384, on the other hand, switch elements 
384a are integrated. J5 

These switch elements 384a are provided for 
energising the corresponding pixel electrodes 385 
selectively and are- made of silicon single crystal thin 
film insulated gate field effect transistors, for example. 
Specifically, each transistor switch element 384a is 50 
composed of a pair of source region 386 and drain 
region 387 formed at a spacing in the surface portion 
of the semi-conductor single crystal thin film 382, and 
a gate electrode 388 laminated through a gate insulat- 
ing fiim 388a and having a predetermined shape. The 55 
drain region 387 is electrically connected with the 
pixel electrode 385, and the source region 386 is con- 
nected with a metal wiring line 390 through a contact 
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hole formed in an inter-fayer -nsuiatina film "*Q9 
metal wiring line 390 is extenaea cc cover the crans'is 
tor switch element 334a so that it also acts as a light 
shield film. 

The pixel electrode 385 is connected with a 
capacitance element 391 for -storing electric charges 
which are selectively feo thrcugn the switch eiement 
384a. This capacitance element 331 has an electrode 
laminated below the pixel electrode 335 through a 
dielectric film 392. This dielectric fiim 392 is obtained 
by thermally oxidising a silicon pciycyrstal thin fiim, for 
example. The thermally oxidised fiim is the most pro- 
per for the dielectric fiim 392 because it is excellent m 
insulating properties and dense can be made ext- 
remely tnin. In the present emcodiment, the capaci- 
tance element 391 is a capacitor which is composed 
of a pair of pixel electrode 335 and the electrode 393, 
and the dielectric fiim 392 sancwichea between the 
two electrodes. The eieca*oae 393 is made of a trans- 
parent eiectrode material such as an ITO. Since the" 
dielectric film 392 laminated beiow the pixel electrode 
385 is made of a transparent tfiermally oxidised film 
and since the electrode 393 is made of a transparent 
material, the presence of the capacitance eiement 
391 raises no optical obstruction against the pixel 
eiectrode 385. If, in addition, che silicon pciycrystai 
film constituting the pixel .electrode 335 is thinned to 
make the pixel electrode 385 itself transparent, the 
pixel itself becomes transoarent in its entirety 
because the field oxide fiim 333 and quartz substrate 
381 underlying the pixel electrode 335 are also trans- 
parent. As a result the pixel can function as a trans- 
parent light valve. 

The substrate surface formed with the switch eie- 
ment 384a, the pixel electrode 385 and the capaci- 
tance ' element 391 is coated with a flattened 
passivation film 394. In case the semi-conductor 
device having such structure is used as a liquid crystal 
light valve, a liquid crystal alignment layer 395 is for- 
med over the flattened passivation film 394. This 
structure is exemplified in the present embodiment, in 
which an opposed substrate 396 is arranged over the 
semi-conductor device at a pre-determined gap. This 
opposed substrate 396 is formed of a glass carrier 
397, a common electrode 398 formed insid-e of the 
glass carrier 397, and a liquid crystal alignment layer 
399 covering the common electrode surface. The 
aforementinoed gap is filled up with a liquid crystal 
layer 400. 

As has been described hereinbefore, the present 
semi-conductor device employs a composite sub- 
strate, in which the substrate 381 is formed on its sur- 
face with the semi-conductor single crystal thin film 
382. This semi-conductor single crystal thin film 382 
is preferably formed by thermo-compressiveiy bond- 
ing a silicon single crystal wafer of high quality to the. 
substrate surface and by subsequently polishing and 
thinning it. Since the silicon single crystal thin film 382 
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thus obtained retains the high quality of the silicon 
single crystal wafer as it is. the LSI fabrication technol- 
ogy can be directly applied to miniaturise the switch 
element sucn as the insulated gate field effect transis- 
tor. 

Incidentally, the insulated gate field effect transis- 
tor formed in the silicon single crystal thin, film has a 
higher dark current than that of the transistor which is 
formed in the amorphous silicon thin film or the oolyc- 
rystal silicon thin film according to the prior art. 
According to the present invention, however, the pixel 
electrode 335 is connected with the capacitance ele- 
ment 391 so that the amount of charge capable of suf- 
ficiently compensating the charge loss due to the dark 
current can be stored. 

(Fonieth Embodiment] 

Figure 52 is a schematic broken section showing 
a portion of another embodiment of the light valve sub- 
strate single crystal thin film semi-conductor device 
according to the present invention. The description of 
the components identical to those of the embodiment 
shown in figure 51 will be omitted by designating them 
at the common reference numerals. What is different 
from the foregoing embodiments resides in the struc- 
ture of the capacitance element In the present embo- 
diment, more specifically, the capacitance element 
401 is composed of a scanning electrode bus 403 or 
a gate line, an extension 385a of the transparent pixel 
electrode 385. and a dielectric film 402 sandwiched 
between the former two. The gate line 403 is electri- 
cally connected with the gate electrode 388 and feeds 
a scanning signal for selecting each switch element 
384a. This gate line 403 is obtained by patterning a 
polycrystal silicon thin film such as the same thin film 
as that of the gate electrode 388 into a ore-determined 
shape. The gate line 403 is usually arranged over the 
field oxide film 383,_Ori.ttie other hand, the dielectric 
film 402 coating the gate line 403 is obtained by ther- 
mally oxidising a silicon polycrystal thin film. As a 
result, the dielectric film 402 is excellent in the insulat- 
ing properties and dens and can be extremely thinned 
so that it can be given a large electrostatic capacity. 
The extension 385a of the pixel electrode 385 is also 
made of a transparent electrode material. As is diffe- 
rent from the foregoing embodiment, according to the 
present embodiment, no special electrode is required 
so that the structure is better simplified to make the 
fabrication process efficient. 

[Forty First Embodiment] 

Figure 53 is a top plan view showing ond* pixel 
portion of figure 52. Incidentally, the iefthand portion 
of the structure shown in figure 52 corresponds to the 
sectional structure taken along line A - A of figure 53, 
and the righthand portion of the structure shown in fig- 



ure 52 corresocnos to the sectional structure taken 
along line 3 ■ 3 of figure 53. As shown in figure 53, the 
gate eie co-ode 388 of the switch element 384a is 
extended from a ocrtion of the scanning electrode bus 

5 or the gate line 403 such that its drain region 387 is 
electrically connected with the pixel electrode 385 
through a contact hole whereas its source region 386 • 
is electrically connected with the signal electrode bus 
or the metal partem 390 through a contact hole. 

jo Although not shown, the signal electrode bus 390 is 
partially extended to cover the switch element 384s. 
This extension is clearly shown at the Iefthand portion 
of the structure shown in figure 52. 

The extension 385a of the pixel electrode 335 is 

ts formed to cover the surface of the scanning electrode 
bus or the gate line 403. As is apparent from figure 53, 
the extension 385a constitutes a capacitor together 
with the scanning electrode bus 403 arranged there- 
below so that the amount of charge fed selectively to 

20 the pixel electroae 335 through the switch element 
404a can be temporarily stored. 

[Forty Second Embodiment] 

25 Next, with reference to figures 54(A) to 54(G), a 

process for fabricating the light valve substrate single 
crystal thin fiim semi-conductor device shown in figure 
51 will be described in detail in the following. At a first 
step shown in figure 54(A), there are prepared a 

jo quartz substrate 41 1 and a silicon single crystal sub- 
strate 412. The silicon single crystal substrate 412 to 
be used is preferaoly exemplified by a silicon wafer of 
high quality used in the LSI fabrication and has a crys- 
tal azimuth of uniformity within a range of <100> 0.0 

35 : 1.0 and a single crystal lattice defect density of 
500/cm 2 or less. The quartz substrate 41 1 and the sili- 
con single crystal substrate 412 thus prepared have 
their respective surface and back precisely smoothed 
and finished at first. Subsequently, the two substrates 

so are thermo-compressively bonded by superposing 
and heating the two faces smoothly finished. As a 
result of this therrno-compressive bonding, the two 
substrates 411 and 412 are fixedly bonded to each 
other. 

45 At a subsequent step shown in figure 54(3). the 

silicon single crystal substrate 412 has its surface 
polished. As a result, the quartz substrate 41 1 has its 
surface formed with a silicon single crystal thin fiim 
413 polished to a desired thickness. Incidentally, the 

50 polishing treatment may be replaced by a wet or dry 
etching treatment so as to thin the silicon single crys- 
tal substrate 412. The silicon single crystal thin film 
413 thus obtained can retain the quality of the silicon 
wafer 412 substantially as it is, to produce a semi-con- 

55 ductor substrate material which is remarkably excel- 
lent in the uniformity of the crystal azimuth and the 
lattice defect density. As a result, the LSI fabrication 
technology can be directly applied to form remarkably 
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miniature switch elements cr -he iike of micron or sub- 
micron orGer in a high production vieid. 

At a subsequent steo shown in figure 34(C) ;n a 
Silicon singie crystal thin fiim 4 1 3 ; s selectively subject 
ted to the thermal oxidation. This selective thermal 
oxidation is accomplished throughout -he thickness cf 
the silicon singie crystal thin riim 4 1 3 to form an optical 
transparent field oxide film 4 14. The portion of the sili- 
con single crystal chin fiim 41 3 surrounded by the field 
oxide film 4 1 4 is left as it is tc define an element recion 

415. 

At a subsequent step shewn in figure 54/D), the 
surface portion of the silicon single crystal thin film 
413 existing in the element region is thermally oxid- 
ised to form a gate insulating film 4 16. This ca:e 
insuiating film 415 has an extremely small thickness. 
After a silicon polycrystal thin film has been deposited 
on the gate insuiating film 416 by the chemicai vapour 
ceposition process or :he iike. the siiicon ocivcrystai 
thin film is patterned by the photo-iithography and the 
anisotropic etching process to form a gats electrode 
417 having a pre-determined shape. 

At a step shown in figure 54(E), the silicon singie 
crystal thin film 413 has its surface portion doped with 
an impurity to form a source region 418 and a drain 
region 419. which are made of an impurity diffused 
region. This impurity doping process is accomplished, 
for example, by an ion implantation of an imourity of 
arsenic using the gate electrode 417 as a mask 
through the gate insulating film 416. As a result, a 
transistor channel forming region is formed between 
the paired source region 413 and drain region 419 and 
below the gate electrode 417 to form a silicon single 
crystal thin film insulated gate field effect transistor. 
Since this transistor is formed into a silicon single 
crystal thin film by the LSI fabrication technology, it 
has a miniature size of micron or sub-micron order 
and is excellent in high-speed responsiveness. 

At a subsequent step shown in figure 54(F), a 
pixel electrode 420' is formed over the Held oxide film 
414. This pixel electrode 420 is obtained by masking 
the element region 41 5. for example, by subsequently 
depositing a silicon polycrystal thin film on the sub- 
strate surface by the chemical vapour deposition pro- 
cess, and by patterning the silicon polycrystal thin film 
into a pre-determined shape. The polycrystal silicon is 
intrinsically optically opaque but can be made sub- 
stantially transparent to an incident light if it is ext- 
remely thinned. Incidentally, when the pixel electrode 
420 is to be formed, the gate insulating film 41 6 is for- 
med in advance with a contact hole, through which an 
electric conduction between the drain region 41 9 0 f 
the switch element and pixel electrode is retained. 

Subsequently, a dielectric film 421 is formed over 
the pixel electrode 420, The dielectric film 421 is 
obtained by thermally oxidising the surface of the pixel 
electrode 420 made of a polycrystal silicon thin film, 
for example. The thermally oxidised silicon film is an 



excellent dielectric material because it is excellent i 
insulating properties ana remarkably dense and can 
ne thinned. 

After the mask covering the element region has 
5 been removed, an inter-layer insulating film is depo- 
sited to 'orm a mecal pattern 422 thereover. At this 
time, the inter-layer insulating fiim and the gate 
insulating fiim are formed with contact holes, through 
which the electric connection between the source rso- 
?o ion 4 13 of the transistor switch eiement and the metal 
pattern 422 is retained. 

At a final step shewn in figure 54(G), there is lami- 
nated an electrode 423 of ihe dielectric film 421. This 
electrode 423 is mace of a transoarent electrode ma- 

?5 terial such as an ITC. After coverage of the ITO film, 
a patterning treatment can be accomplished by the 
photo-iithography and the etching process to form the 
electrode 423 having a pre-determined shape. As a 
result, a capacitance element composed of the pixei 

20 ^ electrode 420. the electrode 423 and the dielectric fiim 
421 sandwicned between the former two is formed. In 
the present embodiment, all the electrode 423. the 
dielectic film 421 and the pixel electrode 420 are 
transparent so that a transparent light valve device 

25 can be constructed. After the electrode 423 has been 
formed, the substrate is covered all over its surface 
with a passivation film 424. This passivation film 424 
has- its surface flattened. 

As has been desribed hereinbefore, accordinc to 

30 the present invention, the capacitance eiement is con- 
nected with the pixel electrode. As a result, the elec- 
tive charge fed selectively to the pixel electrode can 
be held notwithstanding that the switch element for- 
med in the semi-conductor single crystal thin film such 

35 as the insulated gate field effect transistor has a rela- 
tively high dark current, thus raising an effect that 
stable light valve operating characteristics can be 
obtained. In addition, the pixel electrode is made of 
the semi-conductor polycrystal thin film, and the 

jo dense film obtained by thermally oxidising the surface 
of the thin film selectively is used as the dielectric fiim 
of the capacitance element. Thus, there- arises an 
effect that it is possible to provide a capacitor which 
is excellent in breakdown voltage and has a relatively 

-»5 high capacity. 

[Forty Third Embodiment] 

Figure 55 is a schematic section showing a por- 
50 tion of one embodiment of the light valve substrate 
single crystal thin film semi-conductor device and 
shows an extracted portion corresponding to one 
pixel. As shown, the present semi-conductor device 
makes use of an electrically insulating substrate 431 . 
55 This substrate is made of transparent quartz or the 
like. This substrate 431 is arranged on its surface with 
a semi-conductor single crystal thin film 432. This se- 
mi-conductor single crystal thin fiim 432 is made of 
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stngie cr/scal silieoa for examole. and has its thick- 
ness set to about 0.1 urn. The semi-conductor single 
crysia! thin film 432 can be made substantially trans- 
parent to an incident light by having its thickness 
reduced. The semi-conductor singie crystal thin film 5 
432 has its certain portion patterned into a pre-deter- 
mined shape to constitute a oixel electrode 433. The 
iortion of the semi-conductor single crystal thin film 
432 adjacent to the pixel electrode 433 is formed with 
a switch element 434. This switch element 434 is com- io 
posed of integrated singie crystal thin Him elements, 
each of which is connected to selectively energise a 
corresponding pixel electrode 433 directiy through the 
semi-ccncuctor single crystal thin Him 432. The switch 
element 04 or the singie thin film element is con- :s 
scructed, for example, of an insulated gate field effect 
transistor which is composed of a gate electrode 435 
and a pair of impurity diffused regions, ie: a source 
region 436 and a drain region 437. Ore impurity dif- 
fused region, ie: the drain region 437 is connected 20 
with the corresponding pixel electrode 433. In other 
words, the drain region 437 and the pixel electrode 
03 is made of an imourity diffused region whigh is for- 
med in the common semi-conductor single crystal thin 
film 432. This semi-conductor singie crystal thin Him 25 
432 is made of a polished silicon single crystal thin 
film of high quality which is adhered to the surface of 
the substrate 431 . The gate electrode 435 is arranged 
over the channel forming region of the thin Him tran- 
sistor switch element 434 through a gate insulating 30 
film 438.. This channel forming region is sandwiched 
between the paired source region 436 and the drain 
region 437. A wiring pattern 440 made of metallic 
aluminum is formed over the switch element 434 
through an insulating film 439. The wiring pattern 440 35 
is electrically connected with the source region 436 of 
the switch element 434 through a contact hole formed 
in the insulating film 439. The wiring pattern 440 is 
further connected with, a ..not. shown signal line to 
impress an image-s^nal* to'the" switch element 444. 40 
This image signal is selectively, fed to the pixel elec- 
trode 433 through the channel forming region and the 
drain region 437 in the conductive state. The wiring 
partem 440 is formed over its surface with passivation 
film 441. This passivation film 441 covers the surface 45 
of the substrate 431 except. the portion formed with 
the pixel electrode 433, to passivate the switch ele- 
ment 434 from external stresses. Finally, the sub- 
strate surface is covered all over with an alignment 
film 442. This alignment layer 442 is necessary when 50 
the present light valve substrate single crystal thin film 
semi-conductor device is to be assembled as the 
liquid crystal panel. 

Figure 55 shows an example, in which the liquid 
crystal panel is constructed by using the light valve 55 
substrate single crystal thin film semi-conductor 
device thus far described. As shown, an opposed sub- 
strate 443 is arranged at a pre-determined gap from 

30 



the sucstrate 431. The opposed substrate 443 is 
given 3 laminated structure which is comocsed of a 
glass carrier 444. a common electrode 445 formed on 
:he inner side of the glass carrier 444, and an aliqn- 
ment film 446 covering the common electrode 445" 
i he pre-determined g 3 p between the comoosite sub- 
strate 431 and the cpoosed substrate 443 is filled uo 
with a liquid -crystal layer 446. This liouid crystal layer 
447 is vertically sandwiched by the paired alignment 
fums <42 and 44 6 to have a ore-determined liquid 
crystal molecular array structure. The liquid crystal 
iayer 447 has its liquid crystal molecular array sta't- 
changed when fed with a pre-determined voltage in 
accordance with the amount cf charge fed selectively 
between the common electrode 445 and the pixel 
electrode 433. In accordance w IE h this change, the 
transparency of the incident light is adjusted to effect 
a lignt valve function for each pixel. 

[Forty Fourth Embodiment] 

Figure 56 is a schematic section showing a por- 
tion of a modification of the light valve substrate single 
crystal thin fiim semi-conductor device shown in figure 
55, The portions identical to the components shown 
in figure 55 are designated at the common reference 
numerals, and their descriptions will be omitted. What 
is different from the embodiment shown in figure 55 
resides in that the thickness of the portion of the se- 
mi-conductor single crystal thin fiim 432 forming a 
pixel electrode 433a is set smaller than that of the' por- 
tion of the semi-conductor single crystal thin film 432. 
in which the corresponding thin fiim switch element 
434 is integrated. Specifically, the semi-conductor 
single crystal thin film 432 is selectively etched in 
accordance with a pre-determined pattern to form the 
pixel electrode 433a which has its thickness partially 
reduced. Thus, the transparency of the pixel electrode 
433a can be remarkably improved, and the step of 
forming the switch element 434 can be simplified 
because the thickness of the semi-conductor single 
crystal thin film 432 to be formed with the switch ele- 
ment 434 need not be extremely thinned in advance. 

[Forty Fifth Embodiment] 

Figure 57 is a schematic section showing a por- 
tion of another modification of the light valve substrate 
single crystal thin film semi-conductor device accord- 
ing to the present invention. The components identi- 
cal to those of the embodiment shown in figure 55 are 
designated at the common reference numerals, and 
their descriptions omitted. What is different from the 
embodiment shown in figure 55 resides in that the 
thickness of the portion of the semi-conductor single 
crystal thin film 432 forming a pixel electrode 433b is 
smaller than that of the portion of the semi-conductor 
single crystal thin film 432. in which the corresponding 
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thin film switch etemint 434 is irtecratec. As is diffe- 
rent from the mcdifiction in figure 56, however, the se- 
mi-conductor single crystal thin fiim 432 has as portico 
thermally oxidised along a predetermined oattern so 
that it is convened into an optically transparent oxide 
film 433c. As a result, in the region of she pixel elec- 
trode 433b. the semi-conductor single crystal thin fiim 
432 has its thickness so reduced as to substantially 
have a transparency of iC0%. Since the surface of the 
sucstrate 431 is flattened, as is cifferent from the 
embodiment shown in figure 55. there can be attained 
an scvantage that the subsequent steo such as the 
iayer alignment treatment is facilitated. 

[Ferry Sixth Embodiment] 

Figure 53 is a schematic section shewing 3 por- 
tion of still another modification of the Sight valve sub- 
strate single crystal thin fiim semi-corcuctcr device 
according to the present invention. The components 
identical to those of the embodiment snown in figure 
55 are designated at the common reference numer- 
als, and their detailed descriptions wiil be omitted. In 
this modification, too, the thickness of -he portion of 
tne semi-conductor singie crystal thin fiim 432 consti- 
tutes a pixel electrode 433d is set smaller than that of 
the portion of the semi-conductor singie cr/stai thin 
fiim 432. in which the corresponding thin nim switch 
element 434 is integrated. As is different from the 
embodiment shown in figure 56. however, the surface 
portion of the substrate 431 defining the pixel region 
in the present embodiment is formed in advance with 
a traoezoidal step 433e. The surface thus stepped is 
covered with the flat semi-conductor single crystal 
thin film 432. As a result, the thickness cf the semi- 
conductor single crystal thin film 432 is reduced to an 
extent conresponding to the height of the steoped por- 
tion 433e. 3y suitably setting the height of this step- 
ped ponion, the transparency of the pixei eiectrode 
433d can be increased substantially to 100%. 

[Forty Seventh Embodiment] 

Next, with reference to figures 59(A) to 59(F), a 
process for fabricating the light valve substrate single 
crystal thin film semi-conductor device shown in figure 
55 wiil be described in detail in the following. At a first 
step shown in figure 59(A). there are prepared the 
quartz substrate 361 and the silicon single crystal 
substrate 362, The silicon single substrate 362 is pref- 
erably made of a silicon wafer of high quality used in 
the LSI fabrication and has a crystal azimuth of unifor- 
mity within a range of <100> 0.0 t 1.0 and a single 
crystal lattice defect density of SOO/cm* or less. The 
quartz substrate 361 and the silicon single crystal 
substrate 362 thus prepared have their respective 
surface and back precisely smoothed and polished at 
first. Subsequently, the two substrates are thermo- 
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ccmoressiveiy boncea by superposing 2nc j heating 
the two 'aces smoothed ana fintsnec. As 3 resui: 
■his tnermc-comprsssive bonding ireacment. the p.vn 
substrates 361 and 362 are fixecly bonded together* 

At a subsequent step shown in figure 59(B) 'he 
silicon single crystal substrate 362 has its surface 
polished. As a result, the quanz substrate 361 is ter- 
med on its surface with the silicon single crystal thin 
film 363 which is polished to a desired thickness. Inci- 
dentally, the silicon wafer 362 may be thinned by the 
etching treatment in place of the poiishing treatment. 
Since the silicon single cr/stai thin fiim 363 thus 
obtained is so thin as to have optical transparency 
and retains the Quality or the siiiccn ^afer 362 sub- 
stantially as it is. it is possible to obtain a semi-con- 
ductor device material which is remarkably excellent 
in the uniformity of the cr/stal azimuth and the lattice 
defect density. 

At the subsequent step shewn in figure 59(C). the 
the siiiccn single cr/stal thin film 353 is paaemed in 
accordance with a pre-de:ermihed shape to form the 
pixel electrode 364. Simultaneously as this, the ele- 
ment region 365 is formed in contact with the pixei 
eiectrode 364. These pixel electrode 364 and element 
region 365 are made of the silicon singie crystal thin 
fiim 363. Subsequently, the silicon single crystal thin 
film 363 thus patterned to the pre-determined shape 
has its surface thermally oxidised to form the silicon 
oxide film 36o*. In the element region 365, the gate 
electrode 367 having the pre-determined shap.e is 
deposited through the silicon oxide film 366. ' 

At a subsequent step shown in figure 59(0), the 
gate electrode 367 is used as a mask to effect an ion 
implantation of an impurity through th-e silicon oxide 
film 366. As a result, the silicon single crystal thin fiim 

363 is selectively doped with the impurity to form the 
source region 368 and the drain region 369 at the two 
sides of the gate electrode 367. Simultaneously with 
this, the pixel electrode 364 contacting the drain reg- 
ion 369 is also doped with the impurity. As a result, the 
conductivity of the pixel electrode 364 can be dropped 
to a practical level. By the steps described above, the 
element region 365 is formed with the single crystal 
thin film insulated gate field effect transistor, which 
has its drain region 369 electrically connected directly 
with the pixel electrode 364. Thus, the pixel electrode 

364 can also be treated by the complete semi-conduc- 
tor process unlike the prior art Since, moreover, the 
switch element and the pixel electrode are simul- 
taneously formed, they are not adversely affected 
unlike the prior art by the roughness of the substrate 
surface, which is caused when the switch element is 
formed. 

At a subsequent step shown in figure 59(E). the 
switch element is covered with the inter-layer insulat- 
ing fiim 370. A contact hole communicating with- the 
source region 368 is formed in that the inter-layer 
insulating fiim 370, and the aluminum pattern 371 is 
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ricating :he iighrvslve semi-conductor substrate 
device shown .n figure 60. At a first steo sncwn in rig. 
ure 5: (A). :nere are orepared (he cuanz substrate 391 
and the silicon sincte crystal substrate 392. The 
quanz suoscrate 391 and the silicon single crystal 5 
substrate 292 thus prepared have their rssoective 
surface and back smoothed and finisned oreciseiv. 
Subsecueniiy. the two substrates are thefmo-com- 
pressiveiy bcnced by suoerposing and heating the 
two races smoothly finished. 3y this ihermo-compres- ;o 
sive bonding, the two substrates 391 anG 392 are 
fixedly bcnced :o eacn other. 

At a step shown in figure 61(3), the surface or the 
siiicon single cr/sial semi-conductor suostrate 392 is 
poiisnsc. As = result. ;ne quarcz substrate 39 1 is for- ,5 
med ever .is surface with the siiicon single crystal thin 
film 393 wnicn is polished to the desired thickness. 
Thus, there is obtained a composite suostrate having 
twe-pnase structure which is composed of the carrier 
layer 39: mace of the quartz substrate and the silicon 20 
single crystal thin film 393. 

At a subsequent step shown in figure 51(C), only . 
the surface portion of the siiicon single crystal thin film 
393 is selectively thermally oxidised to form the thin 
fieio oxiae fiim 394. | n figure 61(C), the righthand half 25 
indicates an optically transparent region, and the 
iefthana naif indicates the optically opaque region. 
The thin field oxide film 394 is formed exclusively in 
the opticaily opaque region to define the circuit ele- 
ment region 395. oelow the thin field oxide fiim 394, 30 
there is left a portion of the siiicon single crystal thin 
film 393 to form the totally opaque isolating region. 

At a step shown in figure 61(D), in the transparent 
region, the siiicon single crystal thin film 393 is selec- 
tively subjected all over the surface to the thermal oxi- 35 
dation to :crm the thick field oxide film 396. This thick 
field oxide film is formed by converting the overall 
thickness of the silicon single crystal thin film 393 into 
siiicon dioxide. As a resuU, tjie- thick field oxide rlirn 
396 is substantially transparent to form the transpa- jo 
rent isolating region. The portion surrounded by "(he 
thick field oxide fiim 396 is formed with the switch ele- 
ment region 397. In the embodiment described above, 
the thin Held oxide film 394 is formed earlier, and the 
thick field oxide fiim 396 is formed later. Despite of this 45 
fact, however, the fabrication process of the present 
invention should not be limited thereto, but the order 
of forming two kinds of field' oxide films may be 
reversed. 

At a step shown in figure 61(E), the element reg- 50 
ions 395 and 397 have their surfaces formed simul- 
taneously with the gate oxide films 398 and 399. 
respectively, Moreover, these gate oxide films are 
individually formed thereover with the patterned gate 
electrodes G. Incidentally, these gate oxide films 398 55 
and 399 are formed by the thermal oxidations. On the 
other hand, the gate electrodes are formed by deposi- 
ting the pofycrystal silicon film by the chemical vaoour 
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deposition -recess. Soecificsily. the deposited polvc- 
ryscal siiicon fiim ; s selectively etched by L . S j n g the 
resist, wmch has seen patterned to the ore-deter- 
mined snaoe. to form the gate electrodes G of the 
polycrystai siiicon fiim over the gate oxide films 398 
and 399. 

At a subsequent step shown in figure 51(F). the 
gate eieccrodes G are used as masks to implant ions 
of an impurity such as arsenic through the gate oxide 
fiims 393 and 399 so that the silicon single crystal thin 
fiim 393 is formed with the drain region D and the 
source region 3. As a result, in the individual element 
regions 395 and 397, the transistor channel region ieft 
unooped with the impurity is formed below the aate 
electrodes G and between the crain regions 0 and the 
source regions S. As a result, in the optically opaque 
region, the circuit element region 395 is formed with 
the insulated gate field effect transistor constituting 
the circuit element, in the optically transparent region" 
the switch element region 397 is formed with the insu - 
iated gate fieid effect transistor forming the switch ele- 
ment. 

At a subsequent step shown in figure 61(G). the 
gate oxide fiim 399. over the source region 3 of the 
transistor constituting the switch element is partially 
removed to form a contact hole, which is covered with 
the transparent pixel electrode 400. This pixel elec- 
trode 400 is made of the ITO or the like-and is super- 
posed on the" transparent field oxide fiim 396. As a ' 
result, the three-phase structure, which is composed 
of the pixei electrode 400, the thick field oxide film ^96 
and the quartz substrate 391 , can provide an opticaily 
transparent light valve device. Below the thin field 
oxide film 394 formed in the optically opaque region, 
on the contrary, there is partially left the opaque siii- 
con single crystal thin film 393. Since the bird's beak 
of the thin field oxide film 394 is smaller than that of 
the thick field oxide fiim 396\ as shown, the circuit ele- 
ment region 395 can be formed precisely with little dis- 
persion and in high density. Finally, the composite 
substrate is covered all over its surface with the pas- 
sivation film of the PSG-or the like. AJthough not 
shown, the switch element group and the circuit ele- 
ment group are electrically connected to each other in 
accordance with the pre-determined pattern. 

In the fabrication process shown in figures 61(A) 
to 61(G). as has been described above, the silicon 
single crystal thin film of high quality can be subjected 
to the filming treatment at a high temperature, the 
photo-lithoetching of high resolution, the ion implan- 
tation and so on to integrate the insulated gate field 
effect transistor which has a size of micron or sub-mic- 
ron order. Since the single crystal silicon used is of 
remarkably high quality, the insulated gate field effect 
transistor-obtained has excellent electric character- 
istics. Since, at the same time, the pixel electrode can 
be formed to have an order of micron order by the 
miniature like technology, it i s possible to fabricate an ; 
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active matrix iiauidtrystal semi-conductcr intscratec 
circuit chic substrate having a high density and a 
miniature substrate. 

[Fiftieth Embodiment] 

Next, an embodiment will be described in detail 
with reference to figures 52(A) to 62(C). This embodi- 
ment is an improvement over ten ferry sixth emoodi- 
ment such that a thin field oxide fiim is extended 
around -the thick field oxide film constituting the trans- 
parent Isolating region to reduce the dispersion of the 
size of the switch element region. At a first step shown 
in figure 52(A), there is prepared the composite sub- 
strate which is ccmoosed of the quartz carrier laver 

401 and the silicon single crystal thin film 402. The 
process for fabricating this composite substrate is 
similar to that of the forty sixth embcaimen:. Subse- 
quently, the silicon single crystal thin film ^02 has only 
its surface portion thermally oxidised selectively to 
form the thin field oxide film 403. In figure 52(A). the 
lefthanc side indicates the optically opaque region, 
and the righthand side indicates the optically transpa- 
rent region. A peripheral circuit element region 404 is 
formed in the optically opaque region, and a switch 
element region 405 is formed in the optically transpa- 
rent region. Either of the element regions has a 
remarkably high sizing precision because it is sur- 
rounded. by the thin field oxide fiim 403. This is 
because the dispersion of the bird's beak existing at 
the edge portion of the thin field oxide fiim 403 is 
small. Incidentally, the field oxide film is obtained by 
thermally oxidising the silicon single crystal thin film 

402 partially by using as masks the two layers of the 
siiicon oxide film and the silicon nitride fiim. which are 
formed into pre-determined patterns. 

At a subsequent step shown in figure 62(B), a 
second seiective thermal oxidation treatment is 
accomplished to form a thiek-freld.dxide film 406. This 
thick field oxide film 406 is formed only in the optical 
transparent region and over the thin field oxide film 
403. As a result, the thin field oxide film 403 is left in 
the peripheral portion of the thick field oxide film 406. 
as shown. As a result, the switch element region 405 
has no size change. Since the thick field oxide film 
406 is formed to reach the surface of the quartz carrier 
layer 401. it is completely optically transparent and 
can completely isolate the peripheral circuit element 
group and the switch element group electrically. 

At a final step shown in figure 62<C), the circuit 
element region 404 is formed with the transistor com- 
posed of the gate electrode G, the drain region O and 
the source region S. and the switch element region is 
also formed with the transistor composed of the gate 
electrode G, the drain region D and the source region 
S. These steps are similar to those shown in figures 
61(E) to 61(G). A pixel electrode 407 is electrically 
connected with the source region S of the switch ele- 



ment transistor. Moreover, the ccmcosite substrate is 
covered ail over its surface with a transparent passi- 
vation film 408. 

5 [Fifty First Embodiment] 

Next, an embodiment of the invention will be des- 
cribed in detail with reference to figures 63(A) to 
53(C). In the oresent embodiment, the opaque isolat- 
io ing region is formed in the thin field oxide fiim. which 
is obtained by thermally oxidising the semi-conductor 
single crystal surface portion restrictively and selec- 
tively, and the transparent isolating region is formed 
of *.he isolating groove which is formed by selectively 
;f etching -he overall thickness of the semiconductor 
single crystai thin film. At a first step shown in figure 
53(A). there is prepared a composite substrate having 
a structure, in which the carrier layer 41 1 0 f a quanz 
plate and the silicon single crystal thin film 412 are 

20 laminated. The process for fabricating that composite" 
substrate is similar to that shown in figure 51(A). This 
siiicon single crystal thin film 412 has a thickness of 
about several microns. A high temperature treatment 
has to be accomplished for a long time so as to form 

25 a thick transparent field oxide film by thermally oxidi- 
sing the overall thickness of the siiicon single crystal 
thin film 412 selectively. In order to convert a siiicon 
single crystal thin film of 2 ^m wholly into a thermally 
oxidised film, for example, a hot temperature heat 

so treatment of 1 ,1 00°C has to be accomplished continu- 
ously for 24 hours. As a result, the forty six and forty 
seventh embodiments have relatively low fabrication 
efficiencies. In the present embodiment, therefore, 
the transparent isolating region is formed of the etch- 

35 ing groove in place of the thick field oxide film. 

At a step shown in figure 63(3), more specifically, 
the siiicon single crystal thin film 412 is selectively 
etched to form the isolating groove 413. This selective 
etching can be exmplified by the anisotropic etching 

■*o process using plasma ions or the like through a mask 
having a pre-determined pattern. The isolating groove 
413 is formed only in the optically transparent region 
on the righthand half of figure 63(B) to form the island 
switch element region 414. On the other hand, the cir- 

■iS cuit element region 415 is left in the optically opaque 
region at the lefthand half of figure 63(B). 

At a final step shown in figure 63(C), the island 
element region 414 is formed with the switch transis- 
tor which is composed of the gate electrode G, the 

so drain region D and the source region S. The process 
for forming the switch transistor is similar to that of the 
aforementioned examples. Moreover, the pixel elec- 
trode 41 6 is connected with the source region S of the 
switch transistor. As is apparent from figure 63(C), the 

55 switch element region 4 1 4 is enclosed by the transpa- 
rent isolating groove and is different from the structure 
of the foregoing embodiment, in which the switch ele- 
ment region 414 is enclosed by the bird's beak of the 
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thick ; ;9id cx:ce ;n the ooticatly ooscue reoion. or 
the other nana, -he thin field oxide fiim 4-, 7 is fcrmea 
on the silicon singse crystal thin fiim 4 -2 to serine (he 
circuit element region 4 1 5. This circuit element region 
415 is formed of the peripheral circuit element transis- 
tor which Is :cmocsed 'of the gate electrode G. the 
drain region 0 and, the source region 3. This forming 
process is s:rniiar:c ;hsc or" the foregoing embedment. 
Finally, -.he transistor :s covered with tne passivation 
film 4:3 -vhicn is made of a transcarent material such 
as the ?SG. The' isolating groove ^13 is buriec by the 
passivation fiim. 

.[Fifty Secorc Emccciment] 

Next, an emccciment cf the orssent invention wiii 
be describee >» detail with reference to figures 54(a) 
to 54(C). ~r*3 present embodiment is such an 
improvement over the embodiment shown in figures 
53(A) :o 53' C} -tr.at the substrate surface is flattened 
by ouryng tr.e isolating groove with the oxide film 
layer. At = : ';rst steo 5ncwn in figure 64(A), there is 
prepared a ccmocsite substrate having a laminated 
structure. <n wnich the cuam crystal film 421 and the 
silicon single crystal thin fiim 422 are laminated. This 
siiicon singie crystai thin fiim 422 is subjected to an 
anisotropic selective etching treatment to form the 
isolated grccve 423. This isolating groove 423 is for- 
med cniy in the optically transoarent region, as 
located at the righthand side of figure 64(A), to define 
the island switch element region 424. 

A; a suosequent step shown in figure 54(3), the 
element isolating groove 423 is filled up with a silicon 
oxide film 425 to flatten the substrate surface. This 
burial cf the silicon oxide film 425 can make use of the 
deposition of silicon dioxide by the chemical vapour 
deposition process. Unlike the forty seventh embodi- 
ment, the sucstrate surface is flattened in the present 
embodiment so thattbe stepwise cut of the wiring pat- 
tern to be formed later can~be effectively prevented. 
If the surface is flat, moreover, the size of the gap from 
the opposed substrate can be made constant, if the 
light valve device is incorporated, to stabilise the 
operating characteristics of the light valve device. 

At a final step shown in figure 64(C). the island 
switch element regin 424 is formed with the insulated 
gate field effect transistor. This switch transistor has 
its source region 5 connected with a transparent pixel 
eiectroae 425. This transparent pixel electrode 426 is 
formed over the transparent buried oxide film 425. In 
the optically opaoue region at the lefthand half, as 
shown, a thin field oxide film 427 is formed to define 
a circuit element region 428, which in turn is formed 
with a peripheral circuit element composed of the 
insulated gate field effect transistor by a process simi- 
lar to the aforementioned embodiment. 



tr-r:y < nira emccciment; 

Next, an embodiment of -he ore sent invention will 
be described in cetaii with reference to figures 55iA) 

5 to 55(C). This embodiment .is an improvement over 
the fifty first embodiment. The improvement resides in 
. -rat only one portion of the surface of the island ele- 
ment region to be formed with the 'switch transistor is 
formed with the field oxide film to stabilise tne ooe rat- 
io ing characteristics cf the transistor element. Figure 
55(A) *s a section taken in the longitudinal direction L 
of the switch transistor. As shown, the cuartz sub- 
strate 431 is formed on its sun ace with an islana 
switch eiement region 432. This switch element rec- 

•5 . Icn 432 is obtained by etcninc the silicon singie crvstal 
:h:n fiim selectively. The isiand element region 432 
has its surface and s;ces covered with a gate oxide 
fiim 433. The island eiement region 432 is formed with 
a : ; rain region D anc a source region 3. wnich are, 

20 spaced at 3 ore-determined gao in the longitudinal 
direction L. Between these paired imourity diffused 
regions, there is formed a channel region. In other 
words, the longitudinal direction L indicates the chan- 
nel direction. Over this channel region, 3 gate eiec- 

25 ircde G is formed through the gate insuiatir-g film 433. 

Figure 35(3) is a section showing the same 
switch transistor and taken along in the widthwise 
direction W. As shown, the channel region is formed 
at its two widthwise sides with thin field oxide films 

20 434. These field oxide films 434 are obtained by ther- 
mally oxidising only the surface portions of the sii/con 
.singie crystal thin film forming the element region 432. 

Figure 65(C) is a top plan view showing the same 
switch transistor. As shown, the island element region 

35 is formed on its surface with the drain region D. the 
gate electrode G and the scurce region S in the cited 
order in the longitudinal direction L. Moreover, the 
paired thin field oxide films 434 are formec to define 
the widthwise size of the channel region just beiow the 

jo gate electrode G. Generally speaking, the etching 
precision is of the order of 1 ,000 A. and the selective 
thermal oxidation precision is of the order of 1 00 A. In 
the present embodiment, the widthwise size of the 
channel is defined by the field oxide film of excellent 

J5 treatment precision. As a result, the operating charac- 
teristics of the individual switch transistors can be less 
dispersed to provide a light vaive semiconductor sub- 
strate device having a stable operating performance. 
In case such thin field oxide film is not used, on the 

50 other hand, the widthwise size of the channel region 
is defined by the paired etched end faces of the island 
element region. Since, however, the etching precision 
is inferior to the treating precision of the thermal oxi- 
dation, a dispersion in the widthwise size of the chan- 

55 net region will result. 
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[Fifty Fourth Emoodiment) 

Figure 66 shows an embodiment of the present 
invention. Generally speaking, a circuit element group 
to be- formed in the optically opaque region includes 
P-type and N-type transistor elements. In the present 
embodiment, the transistor elements of the identical 
type are isolated by the field oxide film which is thick- 
enea to an extent corresponding to the relatively small 
thickness of the transistor elements, and the transis- 
tor elements of the different types are isolated by the 
overall thick field oxide film which is obtained by ther- 
mally oxidising the semi-conductor single crystal film 
selectively to its overall thickness. Thanks to this 
structure, the. so-called latch-up" is prevented. As 
shown in figure 66, the silicon single crystal thin film 
442 covering the surface the insulating transparent 
carrier layer 441 is formed with an N-type insulated 
gate field effect transistor and a P-type insulated gate 
field effect transistor, which are adjacent to each 
other. These transistors are arranged in the optically 
opaque region to constitute the peripheral circuit ele- 
ment group. The N-type transistor 443 is formed in the 
portion of the silicon single crystal thin film 442 which 
is doped with a P-type impurity, and is composed of 
N~-rype drain and source regions and a gate elec- 
trode. The N-type transistor 443 is formed in the ele- 
ment region which is surrounded by the field oxide film 

444 having a relatively small thickness. On the other 
hand, the P-type insulated gats field effect transistor 

445 is formed in the portion of the silicon single crystal 
thin film 442 which is doped with an N-type impurity. 
The P-type transistor 445 is composed of P*-type 
drain and source regions and a gate electrode. The P- 
type transistor 445 is also formed in the element reg- 
ion which is surrounded by the thin field oxide film 444. 
Another P-type transistor 446 is formed adjacent to 
that P-type transistor 445. As shown, the paired P- 
type transistors 445 jand 44& are isolated from each 
other by the thin field oxide* film 444. As a result, the 
portion of the silicon single crystal thin film 442 doped 
with N-type impurity is continuous between the two 
transistors but raises no problem in the electric iso- 
lation. 

On the other hand, the N-type transistor 443 and 
the P-type transitor 445 adjacent to each other are 
completely isolated by the thick field oxide film 447. 
As a result, the portion of the single crystal thin film 
442 doped with the P-type impurity and the portion of 
the single crystal thin film 442 doped with the P-type 
impurity are isolated from each other. If the thick field 
— «Bftie film 447 were not formed to make the N- and P- 
type regions of the silicon single crystal thin film 442 
contiguous to each other, a parasitic thyristor having 
the NPNP junction structure would be formed be- 
tween the drain region of the N-type transistor 443 
and the P-type transistor 445. Then, the latch-up 
would occur between the transistors 443 and 445 of 



the Different types to cause the malfunctions of the 
transistors. In the present embodiment, the thick field 
oxide film 447 is formed to realise the latch-up free 
structure by thermally oxidising the silicon single crys- 
5 tai thin film 442 selectively to the overall thickness. 

[Fifty Fifth Embodiment] 

Finally, an embodiment of the present invention 

io will be described in detail with reference to figures 
57(A) to 57(D). The present embodiment is directed 
to a process for fabricating a composite substrate 
which is formed in advance with an island element 
region. At a first step shown in figure 67(A). there is 

is prepared a silicon single crystal plate 451 of high 
quality made of a silicon wafer or the like for fabricat- 
ing the LSI. This silicon single crystal piate 451 is for- 
med in its back with a recess 452 by using the 
anisotropic etching process. 

20 At a subsequent step shown in figure 67(B), a sili- 

con dioxide film 453 is deposited all over the back of 
the silicon single crystal plate 451 by the chemical 
vapour deposition process. As a result, the recess 
452 is filled up with the silicon oxide film. Moreover. 

25 the silicon oxide film 453 is chemically polished to 
have its surface flattened. 

At a step shown in figure 67(C), there is prepared 
an insulating transparent carrier substrate 454 made 
of quartz. This carrier substrate 454 has its surface 

30 smoothly finished and is then thermo-compressiyely 
bonded to the silicon oxide film 453. 

At a last step shown in figure 67(D), the silicon 
single crystal plate 451 is removed by the mechanical 
or chemical polishing treatment. This polishing treat- 

35 ment is accomplished till the trapezoidal surface por- 
tion of the silicon oxide film 453 is exposed to the 
outside. As a result, the silicon single crystal thin film 
455 thus polished thin is isolated by the exposed sili- 
con oxide film. The composite substrate thus formed 

*o by the fabrication process has its surface formed in 
advance with the element region 455 and a transpa- 
rent isolating region 456. Moreover, the composite 
substrate has a remarkably flat surface so that) it can 
contribute to improvement in the yield of the later 

45 steps. 

As has been described hereinbefore, according 
to the present invention, the light valve semi-conduc- 
tor integrated circuit substrate device is constructed 
of the composite substrate which has the semi-con- 

50 ductor single crystal thin film formed over the carrier 
layer. As a result, it is possible to form not only the 
pixel electode group and the switch element group for 
energising the pixel electrode group selectively in a 
high density in the optically transparent region of the 

55 composite substrate but also the peripheral circuit 
element group for driving the switch element group in 
the peripheral, optically opaque region by using fhe 
LSI fabrication technology. Especially, the perform- 
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gncs of the Sight vaive semi-conouctor substrate 
device can be improved by changing :he optical or 
physical characteristics of the element isolating reg- 
ion in :he optically transparent region and the element 
isolating region in the optically opaque region. In the 
ooticaily transparent region, more specifically, the 
optical modulation efficiency of the light valve is 
imoroved by using the transparent element isolating 
region. In the optically opaque region, cn the other 
hand, the transparent element isolating region need 
not be formed so that the integrating density of the 
perioheral circuit element group is improved by mak- 
ing use of f .he eiement isolating region which is opa- 
que but has a high precision in atze and shape. 

[Fifty Sixth Emoodiment! 

Another err.boaiment of the semi-conductor 
device of the present invention will be described in 
detaii. Figure 53 is a section showing the semi-con- 
ductor device according to the present invention. An 
integrated circuit is formed over a substrate 461 
through an insulating fiim ^62. Figure 53 is a section 
showing a portion of a protection circuit for 
input/output terminals. An N-type silicon film 464 and 
an aluminum fiim 465 form together a Schottky diode. 
Another Schottky diode is also formed between an re- 
type siiicon film 467 and an aluminum fiim 468. One 
Schottky diode has its aluminum film 463 connected 
with the ground V ss . The individual Scncttky diodes 
have their N-type. regions 463 connected with the sup- 
ply voltage V 00 . The other Schottky diode has its 
aluminum film 468 connected with the ground V ss . 
The individual Schottky diodes have their aluminum 
films 465 and N-type silicon films 466 fed with 
input/output signals. The substrate 461 may be made 
of a silicon substrate or can be made of a glass sub- 
strate, a quartz substrate or an alumina substrate. 
The insulating film. -462 can "be formed of a silicon 
oxide film, a silicon nitride film, a composite film of the 
silicon oxide film and the silicon nitride film, and a siii- 
con oxynitride film. The forming process may be 
exemplified by the thermal oxidation or the CVD pro- 
cess. 

Figure 70 is an electric circuit diagram showing 
the protection circuit of figure 68. This protection cir- 
cuit is connected between an input/output terminal V, N 
and the internal circuit of an integrated circuit. If the 
input/output terminal is fed with a positive excessive 
voltage such as + 200 V, for example, the diode 0 2 is 
biased forward to cause a discharge therethrough. If 
fed with a negative excessive voltage such as - 200 
V, a diode D, is biased forward to cause a discharge 
therethrough. What is important in the present inven- 
tion is to make it possible to increase capacitances C, 
and C 2 which are to be connected in parallel with the 
diode. These capacitances d and C t are the junction 
capacitances of the Schottky diodes of the present 
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invention. These capacitances can be increased in 
proportion to the areas of the aluminum electrodes 
465 and 468. The junction capacitances can be 
increased because they can be formed planariy in the 

5 surfaces of the silicon semiconductors 464 and 467. 
Since a resistor R and the Schottky diode capaci- 
tances C< and C 2 are inserted into internal circuit. the 
internal circuit V G is strong against any breakage 
because cf reduction in the noise level even if noises 

-,o having a shcn rising time are fed in the input/output 
terminal V, N . In the present invention, the metal fiim 
used in the embodiment of- the Schottky diode is the 
aluminum film but can naturally be exemplified by 
another metal film. 
*f As has been described above, accordino to the 

present invention, the SCI type semi-conductor circuit 
using "the thin film semi-conductor formed over the 
insulating fiim is equipped with :he Schottky diodes in 
its input/output protection circuit so chat it can enjoy an 
20 effect that the junction capacitances of the diodes can 
be increased to raise the electrostatic breakaown volt- 
age of the semi-conductor device. 

(Fifty Seventh Embodiment] 

25 

in the present embodiment, the semi-conductor 
single crystal fiim formed over the canrier layer is for- 
med with not' only the driver circuit but also a photo 
voltaic element capable of detecting a light signal or 
jo generating an electric power from an incident licht. 

i he means for achieving the above specified 
object will be described with reference to figure 71. 
Figure 71(A) is a top plan view showing a substrate 
471 to be used in the present invention, and figure 
35 71(3) is a section showing the structure of the same. 
As shown, the substrate 471 has a wafer shape of a 
diameter of 6 inches, for example. This substrate 471 
has a two-layered structure which is composed of: 3 
carrier layer 472 made of quartz or the like; and a 
40 single crystal semi-conductor layer 473 of silicon or 
the like formed over the carrier layer 472. The miniat- 
ure like semi-conductor fabrication technology is 
applied to the single crystal semi-conductor layer 473 
to form the drive circuit, the photo voltaic element and 
•*5 the pixel electrode of the active matrix display device 
for each chip section. 

Figure 71(C) is an enlarged top plan view show- 
ing the integrated circuit chip thus obtained. As 
shown, this integrated circuit chip 474 has a length of 
so 1 .5 cm for one side so that it is far small sized than that 
of the active matrix display device of the prior art. The 
integrated circuit chip 474 is composed of: a pixel reg- 
ion 475 formed with miniature pixel electrodes 
arranged in a' matrix shape and insulated gate field 
55 effect transistors corresponding to the individual pixel 
electrodes; an X-driver region 476 formed with a drive 
circuit, ie: an X-driver for feeding image signals to the 
individual transistors; a scanning circuit, ie: a Y-driver 
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region 477 far scanning the incividuai transisjcrs 
sequentially for tie lines: a solar cell region 473 for- 
med with a solar csil for generating a photo voltaic 
energy r'rcm an incident light; and a light signal oetec- 
■.ion region 479 for generating clock or synchronous 5 
control signals or image signals from the incident light 
signal. According to the present invention, the single 
crystal thin film used has a far higher charge mobility 
and less crystal defects than those of the amorphous 
thin fiim or the polycrystal thin r'iim. As a result, there w 
can be formed in the same face as that of the pixel reg- 
ion; the X- and Y-drivers requireo to have a high 
speed responsiveness^ the soiar csil having a high 
photo-electric conversion efficiency: and the lignt sig- 
nal detecting element having a high speed and a high -5 
photo detect sensitivity. The output of the solar ceil is 
connected with the suopiy source of the X- and Y-driv- 
ers: the image signal from the onoto signal detector. is 
connected with the X-driver; and the dock or 
synchronous control signal is connected with the X- 20 
and Y-drivers. 

Figure 71(D) is a section shewing the active mat- 
rix type light vaive device which is assembled in a 
highly small size with the aforementioned integrated 
circuit chip 474 and can optically input the signal and 25 
the power suppiy in a super high density. As shown, 
the light valve device is composed of: an opposed 
substrate 480 opposed at a pre-determined gao to the 
integrated circuit chip 474; and a liquid crystal layer 
431 made of an electro-optical material filled in said 30 
gap. Incidentally, the integrated circuit chip 474 has 
its surface covered with an alignment film 432 for 
aligning the liquid crystal molecules contained in the 
liquid crystal layer 481. The individual pixel electrodes 
formed in the pixel region 475 of the integrated circuit 35 
chip 474 are selectively excited, when the corre- 
sponding transistor elements are turned on. to control 
the liquid crystal layer 481 thereby to function as the 
light valve. Since the individual pixel electrodes have 
a size of about 10 ^m. ft is possible to provide a 40 
remarkably precise active matrix liquid crystal tight 
valve device. 

Figure 71(E) is an enlarged top plan view showing 
a portion of the pixel region 475 shown in figure 71(C) 
and shows one pixel. Figure 71(F) is a schematic sec- 45 
tion showing one pixel of the same. As shown, a pixel 
'483 is composed of: a pixel electrode 484; a transistor 
435 for exciting the pixel electrode 484 in response to 
a signal; a signal line 486 for feeding the signal to said 
transistor 485: and a scanning line 487 for scanning so 
said transistor. The signal line 486 is connected with 
the X-driver, and the scanning line 487 is connected 
with the Y -driver. The transistor 485 is composed of 
drain and source regions formed in the single crystal 
thin film 473. and a gate electrode 488 formed over a 55 
channel region through a gate insulating film. In short, 
the transistor 485 is of the insulated gate Held effect 
type. The gate electrode 488 is formed of a portion of 



the scanning line 437; the source region is connected 
with the pixel electrode 434; and the drain region is 
connected with a drain electrode 489. This drain elec- 
trode 489 forms pan of the signal line 486. 

As has been described above, according to the 
present invention, the miniature iike technology can 
be applied to the semi-conductor single crystal thin 
fiim to integrate the pixel eiecirode. the switching ele- 
ment for driving the pixel, the solar cell, the photo sig- 
nal detect element and so on. As a resuit, the 
integrated circuit chip thus obtained has a remarkably 
high pixel density and a remarkably small pixel size so 
that it can construct 3 miniature light valve device 
such as an active matrix liquid crystal' display which 
has eliminated or reduces its electric connection -er- 
minais from the outside. 

[Fifty Eighth Embodiment] 

A preferred embodiment of the present invention 
will be described in detail with reference to the accom- 
panying drawings. Figure 72 is a schematic exfe-ded 
perspective view showing one embodiment of the 
light valve device according to the present invention. 
As shown, this light valve device is comccsed of: a 
drive substrate 471; an opposed substrate -SO 
opposed to said drive substrate; a liquid crystal. layer 
481 such as an electro-optical material layer arranged 
between said drive substrate 471 and said opposed 
substrate 480. The drive substrate 471 is formed with: 
a pixel electrode or drive element 434 for defining 3 
pixel : a drive circuit for exciting the drive electrode 484 
in response to a pre-determined signal; a sclar cell 
478 for supplying the drive circuit with an electic 
power and a light signal detect element 479 for con- 
verting an incident light signal into an electric signal 
to feed the drive circuit with the electric signal. 

The drive substrate 471 has a two-layered struc- 
ture which is composed of a carrier layer 472 of quartz 
and a single crystal silicon semi-conductor fiim 473. 
In addition, a polarising plate 490 is adhered to the 
back of the quartz carrier 472. Moreover, the drive cir- 
cuit and the photo voltaic element such as the solar 
cell or the light signal detect element are intetrated in 
the single crystal silicon semi-conductor fiim 473. This 
integrated circuit includes a plurality of field effect 
insulated gate transistors 485 arranged in a matrix 
shape. Each transistor 485 has its source electrode 
connected with the corresponding pixel electrode 
484. its gate electrode connected with a scanning line 
487. and its drain electrode connected with a signal 
line 486. The integrated circuit further includes an X- 
driver 476 which is connected with the column signal 
line 486. Further included is a Y-driver 477 which is 
connected witht he row scanning line 487. On the 
other hand, the opposed substrate 480 is composed 
of: a glass carrier 491; a polarising plate 492 formed 
on the outer face of the glass carrier 491; and an 
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opocsec or common eiecrrode 493 formed on the 
inner face of -in glass earner -i9i . 

Next, the operations of she aforementioned 
emboaiment wiil be cescribed in detail with reference 
to figure 72. Each transistor element 435 has its gat* 5 
etectrode connected with the scanning line 487 S c 
that ;he individual transistor elements 485 are turned 
on or off in the order of the lines which are fed with the 
scanning signal by the Y-driver 477. A disoiay signal 
to be outoutied from the X-driver 475 is fed through .-o 
. :he s;gnai line 436 to the selected transistor 435 in the 
conductive state. The display signal thus fed is trans"- 
mitted -:o the corresponding pixel eiectrooe 434 to 
excite the pixel electrode so that the liquid crystal 
layer 431 is operated to have a transparency of sub- ; 5 
stamially 100%. On the ether hand, the transistor ele- 
ment 435 is rendered inconductive. when unseiectec. 
to held the display signal written in the pixel electrode 
as charges. Incidentally, the iiquid crystal layer 481 
has a high specific resistance and usually operates ;o 20 
have 2 capacitance. These drive transistor elements 
465 use ON/OFF current ratios for expressing the 
switching performance. The current ratios necessary 
for the liquid crystal operations can be easily deter- 
mined from the write time and the hold time. In case 35 
the display signal is a TV signal, for example, its 90% 
or more for one scanning period of about 60 usees has 
to be written. On the other hand, 90% or more of 
charges have to be held for one field period of about 
1 5 msecs. As a result, the current ratio must have five 30 
figures or more. At this time, the drive transistor ele- 
ments can retain six figures or more of ON/OFF ratio 
because they are formed over the single crystal sili- 
con semi-conductor film 473 having a remarkably high 
charge mobility. 1 hus tt is possible to provide an 35 
active matrix type light valve device having a remark- 
ably high signal responsiveness. Simultaneously with 
this, the peripheral circuits 476 and 477 can be formed 
over the common single crystal. silicon semi-conduc- 
tor film by making.u*eofihe"high mobility of the single <o 
crystal film. Since, moreover, the single crystal silicon 
semi-conductor film has few crystal defects, the solar 
cell 473 of high efficiency and the light signal detect 
element 479 excellent in the response speed and the 
detect sensitivity can be formed over the common 45 
single crystal silicon semi-conductor film. As shown in 
figure 73, the solar cell 478 is prepared by connecting 
a plurality of PN junction diodes 494 in series for a 
necessary voltage or in parallel to increase the area 
for a necessary current. The electric power extracted so 
from the PN junction diodes 494 are stabilised 
through a constant voltage circuit 495 and are then 
supplied to the drive circuits 476 and 477. The light 
signal detect element 479 also uses a PN junction 
diode 496 to feed the detected photo current to a resi- 55 
stance element 497, and the generated voltage is 
amplified by an amplifier 498. After this, the amplified 
voltage is fed to the drive circuits 476 and 477. The 
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minimum signals usually recuired by :he drive circuits 
are exemplified by the signal signals, the synchron- 
ous signals for the X-driver arid the Y-driver. and the 
clock signals. The photo detect elements are provided 
in a number corresponding to those signals. Since trio 
light vaive device is usually used in the state of es- 
sence of the incident light, a bortion of the incident 
fight upon the iight valve device can be used as the 
incident light source of the solar ceil, if this solar ceil 
is disposed in the regions excepting the pixel or the 
drive circuit. The input light signal to the light signal 
detect element is introduced into the individual lignc 
detect elements after it has been modulated by a laser 
diode or a photo diode and then either converged by 
an ootical system using 3 lens or guided through' an 
optical fibre. If an optical filter fitted for the incident 
light is disposed over the light detect element, .an 
excess .light due to disturbances such as a stray light 
can be eliminated cc improve the light detecting 
ability. In order to minimise the numoer of lignc in puis, 
the inputs are restricted to the image signals, and 
these image signals can be introduced into an image 
signal processing circuit to generate the synchronous 
signals for the X-drive and the Y-driver or the clocks. 
In this modification, the optical input may be only one 
image signal. 

As has been described hereinbefore, according 
to the present embodiments (in plurality), the light 
valve device is fabricated by using the integrated cir- 
cuit chip substrate, in which the pixel electrode, the 
drive circuit, the power supply circuit using the^olar 
cell, and the incident light signal detect signal are inte- 
grated by the semi-conductor miniature like technol- 
ogy in the semi-conductor single crystal thin film 
formed over the carrier layer. As a result, there arises- 
an effect caoable of providing a light valve device hav- 
ing a remarkably high pixel density. Another effect is 
to make it possible to provide a remarkably small 
sized light vaive device wnich is as small as the inte- 
grated circuit chip. Since the integrated circuit 
technology can be used for the single crystal thin film'! 
there arises an effect capable of easily adding a circuit 
having a variety of functions matching the LSI. Still 
another effect is to make it possible to package not 
only the switching transistors but also the drive circuit, 
the power supply solar cell and the signal inputting 
light detect element at the same time by using the 
single crystal thin film. A further effect is to make it 
possible to drive the light valve device wiih no or few 
electric connections with the light valve device. 

(Fifty Ninth Embodiment) 

Figure 75 is an enlarged schematic view showing 
a portionof the liquid crystal light valve device, ie: one 
pixel region portion. In this embodiment, the liquid 
crystal layer used is exemplified by a nematic liquid 
crystal material. Nematic liquid crystal molecules 513 



r 



HP 0 474 474 A2 



are characterised -:o have their major axes aiigneo 
easiiy. A composite substrate 501 is formed in its pixel 
region with alignment means 513. This alignment 
means 5 1 3 is ccmoosed of grooves whicn are arrayed 
in the longitudinal direction and at a constant spacing 
to establish the longitudinally aligned state of the 
liquid crystal molecules 518, Jn other words, the liquid 
crystal molecuies 5 1 S existing in the vicinity of the sur- 
face of the composite substrate 501 are arrayed along 
the grooves. As has been described hereinbefore, 
according to the present invention, the pixel size can 
be miniaturised by using the LSI fabrication technol- 
ogy such that the pixel region has its size set to a 
square of 10 urn. In this case, the gap or pitch of the 
arrayed grooves is preferably about 1 urn. This miniat- 
ure pitch pattern can be formed by the photo-iithocra- 
phy or etching process. Specifically, the pixel region 
is covered with a photo resist ana is then exposed and 
developed by using a pre-determined mask pattern. 
After an unset portion of the photo resist has been 
removed, the grooves can be formed in the surface or 
the pixel region by the anisotropic etching process. 
For a high precision patterning, the exposure source 
may be preferably exemplified by an ultraviolet ray or 
X ray. 

An opposed substrate 502 also has its inner sur- 
face formed with an alignment layer 517. In the pre- 
sent embodiment, this alignment layer 517 is also 
formed of grooves arrayed at a constant pitch. How- 
ever, these grooves are arrayed in the transverse 
direction. As a result, the liquid crystal molecules 518 
existing in the vicinity of the surface of the opposed 
substrate 502 are arrayed in the transverse direction. 
Since the upper and lower substrates have different 
alignment directions of 90 degrees, as shown, the 
liquid crystal molecules 518 are accordingly turned by 
90 degrees. The so-called "twist alignment" of the 
nematic liquid crystal is established. As a result, the 
axis of polarisation. of'tfre tight to pass through the 
twist nematic liquid crystHayer is turned by 90 deg- 
rees. 

If an electric field is applied between the pixel 
electrode and the common electrode, on the other 
hand, the liquid crystal molecules 518 are aligned in 
the direction of electric field* ie: at a normal direction 
to the substrate so that the light shielding properties 
for the incident light are lost. This transition is optically 
detected by a pair of polarising plates which are 
arranged above and below the liquid crystal layer. In 
other words, the incident light to transmit through the 
pixel region is passed or shielded depending upon 
whether or not the voltage is applied. Thus, the twist 
nematic liquid crystal layer accomplishes the electro- 
optical modulation for each pixel region. 

[Sixtieth Embodiment] 

Figure 76 is a schematic view showing an 



improved moGification of the alignment means One 
pixel portion of -he ccmocsite substrate 501 is extrac- 
ted and is snown in an enlarged scale. In the present 
embodiment, too. the alignment means 513 is com- 

5 posed of grooves which are formed in the surface of 
the pixel region. These grooves are arrayed in one 
direction and at 3 constant spacing. As a resuit. the 
liquid crystal molecules 513 are uniaxial!*/ arrayed in 
the extending direction of the grooves. The groove 

?o gap is set at 1 urn. for examole. As is apparent from 
figure 75, ihe width size of each groove is periodically 
changed in :he extending direction of the Grooves, ie; 
in the arrayec direction of the liquid crystal molecules 
5 15, 3y thus chancing the groove widths periodically, 

•5 the liquid crystal molecules 518 are aligned at a pre- 
determined angie of inclination. Ie: a tilt anoie 9 with 
respect to the surface of the substrate 501. In other 
words, it is oossible to realise the uniaxial tilt align- 
ment state cf ihe liquid crystal mclecuies. The pattern 

20 shape of the alignment means 5 1 3. as shown in figure 
75. can be made by using the miniature phoco-iithog- 
rahy and etching process. Alternatively, the pattern 
shaoe can aiso be formed by irradiating an energy 
beam along the grooves and by changing the intensity 

25 of the energy beam periodically. As a matter cf fact, 
the alignment means 513 is formed in the Him existing 
on the surface of ihe pixel region. This film is formed 
by applying a polyimide film, for example. Alterna- 
tively, the alignment means 513 may be formed over 

30 a passivation film made of a silicon nitride fiim or a, sili- 
con oxide film. Moreover, the alignment means*'5.13 
may be formed over the surface of the ITO film which 
forms the pixel electrode defining the pixel region. 
The aforementioned tilt alignment of the liquid 

35 crystal molecules is accomplished for setting the con- 
ditions, under which the liquid crystal mclecuies are 
erected to some extent for making constant the direc- 
tion in which the liquid crystal molecules are raised in 
response to an electric field. In the ordinary twist 

jo nematic liquid crystal, the tilt angle 3 may be set at 
several degrees. If. however, the twist angle is 
increased as in the so-called "super-twist nematic 
liquid crystal", the tilt angle has to be set at 5 degrees 
or more. The tilt angle 9 of the liquid crystal molecules 

45 can be set to a desired value by suitably setting the 
pitch of the grooves forming the alignment means 51 3 
and the changing period of the groove width. Thus, 
the embodiment shown in figure 76 is effective espe- 
cially for the light valve device which uses the super- 

50 ' twist nematic liquid crystal. 

[Sixty First Embodiment] 

Next, the specific structure of the alignment 
55 means according to the present invention will be des- 
cribed with reference to figures 77 to 80. Figure 77 is 
a schematic section showing an embodiment, in 
which the pixel electrode has a regularly corrugated 
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surface. arc snows ore otxal region :aker, :>cm ;ne 
ccmccsite substrate. As shewn. :he cuarz suostrate 
has ; ts surface covered with a Silicon smcie crystal 
thin fiim 5-2. This silicon single crystal thin riim 542 is 
seiecciveiy ;hermally oxidised to have its portion con- 
verted incc a fieic cxice film 543. The ie ft ocrtion of the 
sjiiccn sincie crystal thin film 5^2-dennes the element 
region co :*crm = switcr, element 5*u. This switch ele- 
ment 54.1 -as a gate electrode 5^6 wnich is arranged 
•hrcugn a gate insulating fiim 545 over ;ne silicon 
single crystai ;r,;n f;im 542 left in an isiand shaoe. This 
silicon single costal thin film 5*2 has its righchand 
portion formed witn a source region 5^7 by diffusing 
an ;mcur:ty thereintc. On the other hand, the lerthand 
sice is also -"orrrec with a crain region 5^3 bv diffusing 
an irr.cur::/ rhereinco. These ;ate eiectrcce 545. 
source rec;r. 5^7 and drain region 543 constitute 
altogether the switch element 544 comocsed of an 
insulated :a;e -"ieic effect transistor, the field insulat- 
ing fiim 54 3 has -.is surace formed with a transparent 
pixel eiectrcce 549 mace cf the ITO or the like, the 
pixe! eiectrcce 5-^9 has its one end connected electri- 
cally with the source region 547 of the transistor and 
further wcr: :ne crain region 543 to form a drain elec- 
trode 550. 

in the embodiment shown in figure 77, alignment 
means 55 : are formed of regular corrugations on the 
surface of :ne oxei electrode 549. These regular cor- 
rugations are grooves which are arrayed in one direc- 
tion and at a constant gap. The groove gap is set at 1 
to 2 urn, arc :r.e groove depth is set at 200 to 2.GC0 
A. This g reeve cattern can be easily formed by using 
the phGtc-ithccraony and the anisotropic etching pro- 
cess. 

Next, a mccification is shown in figure 73. The 
components are identical to these shown in figure 77 
are designate at the common reference numerals, 
and their cescrictions will be omitted. What is different 
from the emoocimenc shown .la figure 77 resides in 
that the alignment means 531 is formed not in the sur- 
face of the pixel electrode 549 but in the surface of a 
passivation film 552, This passiviation film 552 is 
made of a silicon nitride film or a silicon oxide film to 
passivate a switch element 544 intrinsically. In this 
embodiment, the passivation film 552 is extended to 
the pixel region defined by a pixel electrode 549. This 
passivation film 552 is subjected to the photo- 
lithography and the anisotropic etching process to 
form the alignment means 551 composed of a olurality 
of grooves. 

Figure 79 snows another modification. The com- 
ponents identical to those of the embodiment shown 
in figure 77 are designated at the common reference 
numerals, and their descriptions will be omitted. What 
is different from the embodiment shown in figure 77 
resides in ;hat the alignment means 551 are formed 
of regular corrugations formed in the surface of the 
Held oxide film 543. Specifically, before the pixel elec- 
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face Cue n advance .vith grooves wr.icn are a na ve- 
in a ore-determined gap. if the leic cxice air?. 543 « Cr . 
med with the grooves :s superDesed over the pixel 

5 eiectrcce 549. the corresponding grooves are also 
formed in the surface of the oixel electrode 549. 

Figure 30 shows another modification. The com- 
ponents icentical to those of the emoodiment shewn 
in figure 77 are cestgnatec at the common reference 

;o numerals, and their descriociens wiil be emitted. What 
is different Tom the emccciment shown in ficure 77 
resides ; n tnat the alignment means 55 1 <s termed In 
advance in the surface of the cuarcz substrate 541. If. 
the field ox:ce fiim 5^3 is suoerpesed on the surface 

15 cf -he ;uar-: carrier 54 1 having -:he grooves, as 
. shown, the f ield oxide J 'ilm 543 =s aise formed with the 
corresoonoinc corrugations. If the rixel electrode 54-9 
is sucerccsed along the corrugations, the corre- 
sooncing corrugations aopear -n the surface of the 

20 pixei eiectrcce 549. As a marter of fact, the liouid cr/s" 
•tal molecules are arranged by -he corrugations. If the 
quartz substrate 541 thus has its surface dug with the 
grooves, the alignment means 55 1 can be automati- 
cally fcrmec without any special treatment for forming 

25 the alignment step at an intermeciate steo. 

[Sixty Second embodiment] 

Finally, a process for fabricating the liquid crystal 

30 light valve device according to the present invention 
will be described with reference to figures 31 to 
31(G). At a steo shown in figure 31(A). there are prep- 
ared a cuanz substrate 561 and a single crystal sili- 
con substrate 562. This single crystal silicon 

35 substrate 562 is preferably made of a siiicon wafer of 
high quality used for fabricating the LSI and has a 
crystal azimuth of uniformity within a range of <100> 
0.1 ; 1.0 anc a single crystal lattice defect density of 
500/cm 2 or less. The quartz substrate 561 and silicon 

jo wafer 562 thus prepared have their surfaces 
smoothed and finished precisely. Subsequently, the 
quartz substrate and the silicon wafer are thermo- 
compressiveiy bonded to each other by superposing 
and heating the smoothly finished two sides. 3y this 

■>5 thermo-compressive bonding process, the quartz 
substrate 561 and the silicon wafer 562 are fixedly 
bonded to each other. 

At a suosequent step shown in figure 31(3), the 
surface of the siiicon wafer is polished. As a result, the 

50 quartz substrate 561 is formed on its surface with 3 
silicon single crystal thin film 563 which is polished to 
a desired thickness (eg; several microns), inciden- 
tally, the silicon wafer may be thinned by an etching 
treatment in place of the polishing treatment. Since 

55 the silicon single crystal thin film 563 thus obtain 
retains the quality of the silicon wafer substantially as 
it is. it is possible to obtain a semiconductor substrate 
material which is remarkably excellent in the uniror- 
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surface, ana snows one pixel region taken from trie 
composite substrate. As shown, the cuarc suostrate 
has its surface covered with a silicon single crystal 
thin film 5^2. "his silicon single crystal thin riim 542 is 
selectively thermally oxidised to have its portion con- 
verted into a fieic oxide film 543. The left portion of the 
siiicon single crystal thin film 542 defines the element 
region to form a switch element 544. This switch ele- 
ment 544 has a gate electrode 546 which is arranged 
ihrougn a gate insulating film 545 over the silicon 
single crystal thin film 542 left in an island shape. This 
siiiccn single crystal thin film 542 has its righthand 
portion formed with a source region 547 by diffusing 
an imcurity thereinto. On the other hand, the iefthand 
sice is also formed with a drain region 548 by ciffusina 
an impurity thereinto. These gate electrode 546. 
source regin 547 and drain region 543 constitute 
altogether the switch element 544 composed of an 
insulated gate field effect transistor, the field insulat- 
ing nim 543 has its surface formed with 3 'transparent 
pixel eiectroce 549 made cf the ITO or the like, the 
pixel electrode 549 has its one end connected electri- 
cally with Che source region 547 of the transistor and 
further with the drain region 548 to form a drain elec- 
trode 550. 

In the embodiment shown in figure 77, alignment 
means 551 are formed of regular corrugations on the 
surface of the oixel electrode 549. These regular ccr* 
rugations are grooves which are arrayed in one direc- 
tion and at a constant gap. The groove gap is set at 1 
to 2 urn, and the groove depth is set at 200 to 2,000 
A. This groove pattern can be easily formed by using 
the photo-lithography and the anisotropic etching pro- 
cess. 

Next, a modification is shown in figure 73. The 
components are identical to those shown in figure 77 
are designated at the common reference numerals, 
and their descriptions will be omitted. What is different 
from the embodiment -shown .-in' figure 77 resides in 
that the alignment"means §5 1 is formed not in the sur- 
face of the pixel electrode 549 but in the surface of a 
passivation film 552. This passiviation film 552 is 
made of a silicon nitride film or a silicon oxide film to 
passivate a switch element 544 intrinsically. In this 
embodiment, the passivation film 552 is extended to 
the pixel region defined by a pixel electrode 549. This 
passivation film 552 is subjected to the photo- 
lithography and the anisotropic etching process to 
form the alignment means 55 1 composed of a plurality 
of grooves. 

Figure . 79 shows another modification. The com- 
ponents identical to those of the embodiment shown 
in figure 77 are designated at the common reference 
numerals, and their descriptions will be omitted. What 
ts different from the embodiment shown in figure 77 
resides in that the alignment means 551 are formed 
of regular corrugations formed in the surface of the 
field oxide film 543. Specifically, before the pixel elec- 



■rcce 5-9 ; s formed. ;ne *';eic oxide nim 543 ,^ = c . r - „ 
race dug :n advance with grooves wmch are =rrav^ 
in a ore-determined gap. If ;he field oxide film 5^3 f cr . 
med with the grooves is suoeroosed over the oixel 

5 eiectrcde 549, the corresponding grooves are also 
formed in the surface of the oixel electrode 5*19. 

Figure 30 shows another modification. The com- 
ponents identical to those of the embodiment shown 
in figure 77 are designated at the common reference 

;c numerals, and their descriptions will be omitted. What 
=s different from the embociment shown in ficure 77 
resides in that the alignment means 551 is rcrmed in 
advance in the surface of the quartz substrate 541. If 
the field oxide film 543 is suoeroosed on the surface 

:5 cf -he cuars: carrier 541 having the grooves, as 
shown, the field oxide film 5^3 is also formed with the 
conesoonding corrugations. If the pixel electrode' 5^9 
is superposed along the c-crrugations, the corre- 
sccncing corrugations appear in -he surface of the 

20 pixel electrode 549. As a matter of fact, the liquid crys- 
tal molecules are arranged by the corrugations. If the 
quartz substrate 541 thus has its surface dug with the 
grooves, the alignment means 551 can be automati- 
cally formed without any special treatment for forming 

25 the alignment step at an intermediate step. 

[Sixty Second Embodiment] 

Finally, a process for fabricating the liquid crystal 

jo iight valve device according to the present invention 
will be described with reference to figures 81 id) to 
31(G). At a step shown in figure 31(A), there are prep- 
ared a quartz substrate 561 and a single crystal sili- 
con substrate 562. This single crystal siiicon 

35 substrate 562 is preferably made of a siiicon wafer cf 
high quality used for fabricating the LSI and has a 
crystal azimuth of uniformity within a range of <100> 
0.1 t 1.0 and a single crystal lattice defect density of 
500/cm 2 or less. The quartz substrate 561 and silicon 

40 wafer 562 thus prepared have their surfaces 
smoothed and finished precisely. Subsequently, the 
quartz substrate and the silicon wafer are thermo- 
compressively bonded to each other by superposing 
and heating the smoothly finished two sides. 3y this 

J5 thermo-compressive bonding process, the cuartz 
substrate 561 and the silicon wafer 562 are fixedly 
bonded to each other. 

At a subsequent step shown in figure 31(3), the 
surface of the silicon wafer is polished. As a result, the 

50 quartz substrate 561 is formed on its surface with a 
silicon single crystal thin film 563 which is polished to 
a desired thickness (eg; several microns). Inciden- 
tally, the silicon wafer may be thinned by an etching 
treatment in place of the polishing treatment. Since 

55 the silicon single crystal thin film 563 thus obtain 
retains the quality of the siiicon wafer substantially as 
it is. it is possible to obtain a semiconductor substrate 
material which is remarkably excellent in the unifor- 
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mity of the crystal azimuth ' and in -he lattice defect 
density. 

At a subseauent step shown in figure 31(C). the 
silicon singie crystal thin film 563 is selectively subjec- 
ted to the thermal oxidation. This thermal oxidation is 
accomplished through a mask covering only ihe ele- 
ment region to be formed with the switch element tran- 
sistor, to form a field oxide film 564 around the 
element region. This field oxide Htm 564 is obtained by 
thermaly oxidising the silicon single crystai thin film 
563 completely to its overall thickness so that it is opti- 
cally transparent to form an ideal element isolating 
region. 

At a subsecuem step shown in figure 31(D). the 
silicon single crystal thin film 553 left in the element 
region has its surface subjected again to a thermal 
oxidation treatment. As a result, the silicon single 
crystai thin film has its surface formed with a gate 
insulating film 565 having a remarkaciy thin thickness. 
Moreover, a silicon polycrystal thin film is deposited 
on the substrate surface by ihe chemical vapour dep- 
osition process, for example. This polycrystai thin film 
is etched through a mask treated to a desired pattern, 
to form a gate electrode 566. 

Ac a step shown in figure 81(E), moreover, an 
impurity introduction is carried out. For example, an 
ion implantation is carried cut to dope the silicon 
single crystal thin film 563 with an ionised impurity 
through the gate insulating film 565 by using the gate 
electrode 556 as a mask. As a result, a source region 
567 and drain region 563 are formed, as shown. 

At a step shown in figure 31(F), a pixel electrode 
569 is laminated on the surface of the field oxide film 
564. The pixel electrode 569 has its one end connec- 
ted electrically with the source region 557 through a 
contact hole 570a formed in a portion of the gate 
insulating Him 565. A signal line 571 is also formed 
and electrically connected with the drain region 568 
through a con tact -hj3le*5-70b. Subsequently, the sub- 
strate surface is covered* with a transparent passi- 
vation film 572 made of the PSG or the like. Thus, the 
switch element transistor is completed. However, the 
pixel electrode 569 has its surface not covered with 
the transparent passivation film 572 but exposed to 
the outside. This exposed surface is formed with reg- 
ular corrugations, ie: linear grooves having a constant 
pitch to provide alignment means 573. 

(Sixty Third Embodiment] 

The process for forming those linear grooves will 
be described with reference to figure 82. In this embo- 
diment, a surface treatment is utilised by using the 
sweep irradiation of an energy beam. The energy 
beam used is exemplified by the laser beam, the ion 
beam or the electron beam. This energy beam is ras- 
ter-scanned to irradiate the surface of the pixel elec- 
trode. As a result the pixel electrode surface is 



treatec to form :he linear grooves along :he sweeping 
loci of the energy beam. In case :ne laser beam is 
used, for examcie. the irraciatec pcrtion is heated and 
melted so that it can be thermally aeformed to form the 

5 grooves. Alternatively, the laser beam of high energy 
may be emitted to irradiate and evaoorate the atoms 
existing in the pixel electrode surface so that the 
chemical reactions with the ambient gases mav be 
promoted ;o form the grooves. In ;he case the ion 

re beam is used, ontne other hand, the pixel electrode 
569 has its surface selectively sputtered and etched 
to form the grooves along the irradiation loci. Alterna- 
tively, the thermal deformation may be caused like the 
laser beam to form the grooves. In another embcdi- 

15 ment. the pixel electrode 559 may have its surface 
covered with a pciyimide film and then swept and 
irradiated with the electron beam to form the grooves. 
This pciyimide is excellent especially as a liquid crys- 
tal alignment material, if the grccves are thus formed 

20 by the irradiation with the energy beam, the pixel rea- 
ion can be selectively suojected to a surface treat- 
ment so that the switch element in the neighbourhood 
is not damaged. Since, moreover, the energy beam 
irradiation is conducted to the substrate set in tne vac- 

25 cum chamber, the substrate surface can be kept 
clean without attack of dust or fluff. It is quite natural 
that the energy beam irradiation can be replaced by 
the aforementioned combination of the photo-litho- 
graphy and the anisotropic etching process to form 

30 • the linear grooves. 

Reverting to figure 81(G). the step of assembling 
the liquid crystal pane! will be finally described. An 
opposed substrate 574. is prepared separately of the 
complete composite substrate. This opposed sub- 

35 strate 574 is composed of: a glass carrier 575; a com- 
mon electrode 576 formed on the surface of the 
carrier 575; and an alignment film 577 covering the 
surface of the common electrode 576. This alignment 
film 577 is obtained by applying a poiyimide film of 

40 about 50 nm. for example, and subsequently by rub- 
bing it. Alterntively, like the alignment means 573, the 
miniature surface treatment may be used to form the 
surface of the common electrode 576 directly with 
linear grooves having a regular pitch. If the regular 

45 linear grooves are used, a uniform alignment can be 
achieved to prevent the defects effectively. Next, the 
composite substrate 561 and the opposed substrate 
574 are fixedly adhered to each other through a pre- 
determined gap. In order that the substrates may be 

so adhered to each other at their peripheries, one sub- 
strate has its periphery printed with a seal member 
(although not shown) of an epoxy resin. However, an 
opening is formed in advance for confining a liquid 
crystal later. Into the seal member, there are mixed 

55 spacer particles for controlling the gap between the 
paired substrates. In order to uniform the gap. 
moreover, the substrate surface is scattered with the 
spacer particles. These spacer particles may prefer- 

42 



cP 0 474 474 A2 



•52 



a civ ze 5caaereo avoiding the oixe! region. After :r.e 
oairec suostrates nave been thermo-ccmpressivelv 
ocnced oy the seal memoer. the gao between the 
substrates ts filled up with a liquid .crystal 578. This fil- 
ling operation of the liquid cr/stal is accomplished by 5 
ciccmg the filling hoiesof the liquid crystal panel in the 
iicuic. crystal in the vacuum chamber, if this vacuum 
chamber is then evacuated to the atmosphere. :he 
licuid cp/ stal is forced to steai into the panel by the 
external oressure. After this, the panel is heated :c a to 
temperature higher than the clearing point of the licuid 
crystal and is then cooled down. Then, the liquid crys- 
tal molecules are given a pre-decermined alignment 
by the alignment means 573 and the alignment f:im 
577. c <nal!y. a oair of polarising plates 579 and 530 15 
are adhered to the outer surface cf the liquid crystal 
pane! to complete the light valve device. 

According to the present invention, the alignment 
cf -he liquic crystal layer is controlled by using the reg- 
ular corrugations which are formed selectively in -the 20 
cixel region defined by the miniaturised pixel elec- 
trode. As a result, unlike the rubbing treatment of the 
prior an. there is no fear that the switch element 
arranged in :he vicinity of the pixel region is damaged. 
Another effect is -c make it possible to accomolish the 25 
alignment ccntrci without being adversely affected by 
the corrugations of the semi-conductor substrate for- ' 
med with the element. Since the regularly corrugated 
surface is formed by the photo-Uthoetching or the 
energy beam irradiation, according to the present 30 
invention, there arises an effect that neither dust r.or 
fluff is generated to eliminate the alignment defect 
substantially unlike the rubbing method of the prior 
arc. Since the alignment film is formed by the excei- 
iendy precise surface treatment, there arises another 35 
effect capaole of controlling a liquid crystal alignment 
which is excellent in uniformity and reproductivicy. 

(Sixty Fourth Embodiment}- .' 

Figure 34 is a schematic enlarged section shew- 
ing a video projector shown in figure 83. This video 
projector 581 has three active matrix transparent type 
light valve devices 583 to 585 packaged therein. A 
white light emitted from a white light source lamp 582 -«5 
is reflected by a reflecting mirror M1 and is resolved 
into red. blue and green colours by a trichromatic re- 
solving filter 586. The red light, which is selectively 
reflected by a dichroic mirror DM1. is reflected by a 
reflecting mirror M2 and is condensed into the first 50 
light vaive device 583 by a condenser lens C1. The 
red light, which has been modulated by the light valve 
device 583 in accordance with the video signals, is 
3llowed to pass through the dichroic mirrors DM3 and 
DM4. is enlarged and projected on the front through 55 
a magnifying lens 587. Likewise, the blue light having 
passed through the dichroic mirror DM1 is selectively 
reflected by a dichroic mirror DM2 and is condensed 



cy 3 condenser Sens C2 until it gees into the second 
lignt vaive device 53^. The blue light -s modulated by 
the second iignt vaive device 534 m accordance with 
the video signal and is then guiaed into the common 
magnifying iens 537 through dichroic mirrors DM3 
and DM4. Moreover, the green light is passed through 
the dienroic mirrors 0M1 and DM2 and is then con- 
densed by the condenser lens C2 until it is guided into 
the third light valve 535. The green light is modulated 
by the third light valve device 535 in accordance with 
the video signal and is reflected by the reflecting mir- 
ror M3 and the dichroic mirror 0M4 so r nat j t j s g u jq e( j 
into the magnifying iens 537. The three primary col- 
ours thus individually modulated by the thrse iight 
valve cevices are finally composed and projected in 
an enlarged secondary image on the front by the mag- 
nifying iens 537. The iight vaive devices used have 
sizes of the order of centimetres so that 'the various 
optical parts and the white lamps can be accordingly 
small-sized. As a result, the video projector 581 can 
have its shape and size mace far smaller in its entirety 
than that of the prior art. 

(Sixty Fifth Embccimentj 

Figure 35 is a schematic persoective view shew- 
ing an embodiment, in which the video projector 531 
shown in figure 34 is applied to a projection CRT. In 
this projection CRT. a screen forming the TV frame is 
irradiated from the back by the video projector 531 to 
project an enlarged secondary image 582 on tbe TV 
screen. This projection CRT has a super-high resol- 
ution and a high luminance. Moreover, the projection 
CRT can form a completely flat frame and has a 
remarkably light weight. 

[Sixty Sixth Embodiment] 

Finally, figure 86 is a schematic section showing 
an application, in which the integrated circuit sub- 
strate according to the present invention is used to 
constitute a colour display device. A plurality of pixel 
electrodes 591 are formed over an integrated circuit 
chip substrate 590. over this integrated circuit chip 
590. there is superposed an opposed glass substrate 

595 through a pre-determined gap. This gap between 
the two substrates is filled up with a liquid crystal layer 
592. The opposed glass substrate 595 is formed in its 
inner surface with a three primary colour filter 594. 
This colour filter 594 is divided into elements corre- 
sponding to the pixel electrodes 591 . The colour filter 
594 is coated with an over coating 593. This over coat- 
ing 593 is formed thereover with a common electrode 
596. Thanks to this structure, the liquid crystal layer 
592 is- sandwiched between the common electrode 

596 and the pixel electrodes 591 and is selectively dri- 
ven by the electric Held, The process for forming the 
colour filter 594 used is exemplified by a dying pro- 
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cess which has a rTign coicur purify and an excellent 
pattern precision. This dying process is accomplished 
by dying an organic substrate selectively with red. 
green and blue aye stuffs by the photolithograhy of 
three times. 

Moreover, the colour display device can also be 
achieved by forming the three primary colour filters on 
•he oixei electrodes 591 over the integrated circuit 
substrate 590 by the electrolytic deposition. 

[Sixry Seventh Embodiment] 

Figure 87 is a schematic diagram showing an 
embodiment, in whicn the lignt valve device accordinc 
co :he present invention is appiied to the cisplay unit 
of a measuring device. 

Claims 

1. A semi-conductor light valve device comprising 
an insuiating substrate (7) having a semi-conduc- 
tor thin film (1) over at 'east a portion thereof, and 
a pixel array region including a plurality of switch 
elements (2) for selectively energising a plurality 
of pixel electroaes (3), characterised in that the 
semi-conductor thin film comprises a semi-con- 
ductor singie crystal thin film. 

2. A semi-conductor light valve device comprising 
an insulating substrate (7) having a semi-conduc- 
tor thin film (1 ) over at least a portion thereof, and 
a pixel array region and a peripheral circuit reg- 
ion, the pixel array region including a plurality of 
switch elements (2) for selectively energising a 
plurality of pixel electrodes (3), and the peripheral 
circuit region including drive means (15. 16) for 
operating the switch elements for selectively 
energising the pixeJ electrodes, characterised in 
that the semi-conductor thin film comprises a se- 
mi-conductor single crystal thin film, and in that at 
least circuit elements of the peripheral circuit rea- 
ion are formed in the semiconductor single crystal 
thin film. 

» 

3. A device according to claim 2 characterised in 
that the insulating substrate (21) and the semi- 
conductor single crystal thin film (23) are fixedly 
laminated through a stress buffering layer (22). 

4. A device according to claim 2 or 3 characterised 
in that the circuit elements of the peripheral circuit 
region comprise a plurality of comolimentary type 
insulated gate field effect thin film transistors 
made of the semi-conductor single crystal thin 
film. 

5. A device according to claim 2. 3 or 4 character- 



ed in that the switch elements comprise insu- 
iatea gate field effect ;hin film transistors, which 
are made of semi-conductor polycrystaf thin film 
or semi-conductor amorphous thin film. 

6. A device according to claim 2. 3 or 4 character- 
ised in that the switch elements comprise insu- 
lated gate field effect thin fiim transistors, which 
are made of the semi-conductor single crystal thin 

• 0 film. 

7. A device according to claim 2. 3 or 4 character- 
ised in that the switch elements comprise insu- 
lated gate field effect thin film transistors, eacn 

'5 including a source region, a drain region anc a 

channel region, which are made of the semi-con- 
ductor single crystal thin film, a gate insulating 
film laminated over the semi-conductor sinaie 
crystal thin film, and a gate el ec erode, with -he 

20 source region anc the drain region being formed" 

apan from the interface between the insulating 
substrate and the semi-conductor single crystal 
thin film to give the insulated gate field effect ;nin 
film transistors a high breakdown vcitage. 

25 

8. A device according to ciaim 2. 3 or 4 character- 
ised in that the switch elements comprise PN 
junction _diodes formed in the semi-conductor 
single crystal thin ftim. 

30 

9. A device according to claim 2. 3 or 4 character- 
ised in that the switch elements comprise insu- 

. lated gate field effect thin film transistors, each cf 
which has a gate electrode and a pair of impurity 

■35 diffused regions made of the semi-conductor 

single crystal thin film, and in that the pixel elec- 
trodes corresponding to the paired impurity-dif- 
fused regions are formed by an impurity-diffused 
region in the semiconductor single crystal thin 

jo film. 

1 0. A device according to any of claims 2 to 8 charac- 
terised in that the pixel electrodes are made of the 
semi-conductor single crystal thin film. 

1 1. A device according to any of claims 2 to 8 charac- 
terised in that the pixel electrodes are made of se- 
mi-conductor polycrystal thin film or 
semi-conductor amorphous thin film. 

50 . 

12. A device according to any of claims 2 to 1 1 
characterised in that the pixel electrodes each 
have their surface shaped to have regular con- 
cavities and convexities. 

ss 

13. A process for fabricating a semi-conductor light 
valve device comprising forming an insulating 
substrate (7) having a semi-conductor thin film (1) 
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over at lease a cordon thereof, ana -onming m a 
oixei array region of the substrate a plurality cf 
Dixei electrodes (3) and a plurality of switch ele- 
ments (2) r'or selectively energising the pixel elec- 
trodes. cnarac:erised in chat the semi-conductor 5 
■thin aim and the insulating substrate are wormed 
■ as a composite substrate by adhering 3 semi-con- 
ductor single crystal plate to the surface of the 
insulating substrate and by polisr.ing the single 
crystal pi ate. 

4. A process ror fabricating a semi-concuctor light 
valve device comprising forming an insulating 
suostrste (7) having 3 semi-concuctcr -hin film (1 ) 
over at ieas; a portion thereof, forming in a pixel \s 
array region of the substrate a plurality of pixel 
electrodes {3) and a plurality of switch elements 

(2) for selectively energising :he pixel electrodes, 
forming in 3 oerionerai circuit region of the sub- 
strate .3 rive means (15, 16) for operating the 20 
switch elements for selectively energising the 
pixei electrodes, and connecting the elements of 
ihe peripheral circuit region anc the pixel array 
region electrically, characterised in that the semi- 
conductor enm film and the insulating substrate 25 
are formed as a composite substrate by adhering 
a semi-conductor single crystal plate to the sur- 
face of the insuiating substrate and by polishing 
the single crystal plate, and in that circuit ele- 
ments of the perioherai circuit region are formed 30 
by treating ;he single crystal plate. 

5. A process according to claim 14 characterised in 
that the step of forming the composite substrate 
comprises forming a stress buffering layer on the 35 
surface of the single crystal plate or the insulating 
substrate, and adhering the single crystal plate 

and the insulating substrate by thermc-compres- 
sive bending, ...*/.""-•'■ 

• - 40 

6r*A process according to claim 14 or 15 character- 
ised in that the step of forming the circuit elements 
of the peripheral circuit region comprises forming 
a gate insulating film over the surface of the se- 
mi-conductor single crystal thin film by removing ^5 
the semi-conductor single crystal thin film par- 
tially and by subjecting the same to a heat treat- 
ment, forming a pattern of pre-determined shape 
to provide a gate electrode by covering the gate 
insulating film with a thin film of a polycrystal se- so 
mi-conductor or an amorphous semi-conductor, 
and forming a source region and a drain region by 
doping the semi-conductor single crystal thin film 
with an impurity through the gate electrode acting 
as a mask to form insulated gate field effect thin 55 
film transistors as the circuit elements. 



te'riseo ; n that the steo of forming ;he switcn ele- 
ments cemenses forming an overall thickness 
fielo oxide film' oy thermally oxicismg the overall 
thickness of a selected area of the semi-conduc- 
tor singie crystal thin film, forming a oate oxide 
film by thermally oxidising the surface portion of 
the semi-conouctcr single cr/stal thin film which 
is enclosed by the field oxide film, forming a gate 
eiectrcde having a pre-determined shape ever 
the oxide fiim. and forming a source region and a 
drain region by decing the semi-ccncucior single 
cr/stai thin film with an impurity through the gate 
electrode acting as a mask, to form insulated gate 
field effect thin film transistors as the switcn ele- 
ments. 

13. A process according to claim U, 15 cr 16 charac- 
terised in that the step of forming the switch ele- 
ments comprises forming an isianc region by 
patterning the semi-conductor single crystal thin 
film, and forming a PN junction diode by doping a 
portion cf -he island region with an impurity. 

19. A process according to claim lii. 5 cr 15 charac- 
terised in that the step of forming the switch ele- 
ments and the pixel electrodes comprises forming 
the pixel electrodes and electrodes cf the switch 
elements continuously by patterning the semi- 
conductor single crystal thin film into a pre-deter- 
mined shape, forming a gate insulating fiim by 
thermally oxidising the surface of the semicon- 
ductor single crystal thin film and then forming a 
gate electrode of a pre-determined shape over 
the gate insulating film, and forming the switch 
elements as insulated gate fieid effect thin film 
transistors and the pixel electrodes at a common 
step by doping the semi-conductor single cr/stal 
thin film with an impurity through the gate elec- 
trode acting as a mask to form a source region, a 
drain region, and the pixel electrode contiguous 
to the drain region. 

20. A process according to any of claims 14 to 18 
characterised in that the step of forming the pixel 
electrodes comprises depositing and patterning a 
semi-conductor polycp/stai thin film to produce 
the pixel electrodes from the semi-conductor 
polycrystal thin film. 



7. A process according to claim 14. 1 5 or 1 6 charac- 
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